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ABSTRACT 


The purpose of the study was to develop a unit of 
mathematics from a cultural perspective and to investigate 
the resultant cognitive and affective outcomes of instruc- 
tion on students and their learning. 

The major characteristics of the cultural approach 
to mathematics instruction were identified by reviewing 
the related literature. Based on these characteristics, 
lesson objectives and instructional support materials for 
a unit on trigonometry were developed for classroom use. 

Four classes, two from each of two schools, and 
two teachers participated in the study. In each school 
one class was taught the unit from the cultural approach 
while the other was taught the unit in the regular manner. 
Data were collected by achievement tests, questionnaires 
and debriefing interviews. 

The results of the study indicated no significant 
difference in the mean of the unit achievement scores 
between students in the cultural classes and students in 
the regular classes. Students in the cultural classes 
found the unit to be more difficult and perceived trigo- 
nometry to be more useful than did students in the regular 
classes. In response to the debriefing interviews, 
students in the cultural classes recalled information of 
a more complex nature concerning their learning, than did 


students in the regular classes. Students in the cultural 
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classes expressed a more positive attitude toward the unit 
than did students in the regular classes. 

This study indicated that it is feasible for class- 
room teachers to incorporate material of a cultural nature 


into mathematics classes and to obtain positive results. 
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CHAPTER I 


THE PROBLEM 


I. BACKGROUND AND SIGNIFICANCE OF THE STUDY 


Major changes in the content, scope and sequence 
of secondary school mathematics curricula took place during 
the late fifties and early sixties. The new courses were 
well researched and designed, reflecting the best thinking 
of professional mathematicians and mathematics educators 
of North America. The product of this effort was a new 
curriculum in mathematics, reflecting more adequately than 
before the unity among previously disjoint topics by 
emphasizing, among other things, the centrality of sets, 
functions, transformations and the importance of deductive 
thought and structure in the teaching and learning of 
mathematics. 

Yet in spite of the unprecedented prominence that 
mathematics has held in school curricula for some twenty 
years, today strident criticism from within and without the 
educational community has forced many mathematics educators 
to re-examine the wisdom and effectiveness of their varied 
innovations. Cries for change are emerging from many 
sectors of society. Parents and employers advocate a 
"return to the basics," however ill-defined the "basics" 


May be. Teachers insist that the existing courses are 
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excessively formal, deductively structured and eheoreescal, 
reflecting the theoretical mathematical training and bias 
of the curriculum designers. They sense too that the 
courses have tended to isolate mathematics from its mean- 
ingful applications to the real world. Coleman, Edwards 
and Beltzner (1975) point to the student and his concerns, 
for they observe: "Students today find their high school 
encounter with mathematics a deeply frustrating experience. 
They can neither enjoy it as a thing in itself, nor can 
they relate to it anything which they do enjoy" (p. 53). 
Care must be taken to appraise these criticisms 
realistically, for as Hill et al. (1975) point out, "all 
of American education has been deeply conditioned by 
recent cultural changes, school-work attitudes, habits and 
motivations have dramatically altered and, as a conse- 
quence, have definitely reduced many formerly expected 
educational outcomes" (p. 147). Coleman, Edwards and 
Beltzner (1975) have made similar observations concerning 
the Canadian scene for they state "the new curriculum has 
been accompanied by very great changes in attitudes among 
students, changes in their study-habits and an increasingly 
affluent society ..." (p. 97). These statements may 
imply that mathematics educators should turn their energies 
more to the attainment of the affective goals of instruc- 
tion than they have in the past. Nevertheless, the overt 


displeasure with mathematics education as it exists today 
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is not imaginary. The problems are real and are presently 
being studied extensively at all levels of the educational 
spectrum. 

One of the most severe and influential critics of 
the modern program has been Morris Kline (1973) of New York 
University. He has argued for twenty years that the new 
programs have isolated mathematics from its creators, its 
historical development, other disciplines of human know- 
ledge and its significant role in and connection with the 
physical and social world of the student. He claims that 
as a result, mathematics has been dehumanized and mis- 
represented, leaving students with a distorted view of what 
mathematics really is. 

More recently, other educators such as May (1971), 
Higginson (1973), Howson (1973), Edwards (1973) and 
Coleman, Edwards and Beltzner (1975) have adopted and 
actively advocated many of Kline's proposals. These include 
the practice of embedding a mathematical topic wherever 
possible in its historical context; putting the mathema- 
Grcsans back into mathematics; allowing students to 
consider and solve problems of historical interest that 
are within their grasp and related to the topic; pointing 
out the evolution of the concept, topic or symbol 
through time; providing students with practical problems 
that are of interest to them and relevant to their world, 


and providing information and experience which indicate 
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clearly the power, utility and importance of mathematics 
and mathematical methods in the efficient functioning of 
modern society. An approach to mathematics instruction 
which incorporates these characteristics in the regular 
teaching strategy is called the "cultural approach." 

Those who advocate the cultural approach to mathe- 
matics instruction suggest several benefits which should 
accrue as a result of such an instructional strategy. 

Most of these relate to the affective rather than the 
cognitive goals of mathematics instruction. Advocates 
suggest that if students learn mathematics within a mean- 
ingful context and come to recognize the central importance 
of the discipline in their lives and their culture, they 
will come to see mathematics as more meaningful, interesting 
and relevant to their existence. Some suggest, rather 
cautiously, that students may, aS a consequence of 

improved attitudes toward the subject, be motivated to 
further study, greater understanding or higher achievement. 

There exists a need to investigate the feasibility 
of designing and implementing an instructional unit based 
on the ideals outlined above and to examine the educational 


outcomes of such an undertaking. 
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II. STATEMENT OF THE PROBLEM 


The purpose of this study is to design and produce 
classroom materials for a unit on trigonometry from a 
cultural perspective, to teach the unit) in a school 
setting and to seek answers to the following questions: 

1. Are there differences in achievement between 
students under the cultural treatment and students under 
the "regular" treatment? (See page 6 for the definition 
of "regular" treatment.) 

2. Are there differences in certain affective 
outcomes between students under the cultural treatment and 
students under the regular treatment? 

3. Are there differences in the type and complexity 
of information about the trigonometry unit recalled by 
students under the cultural treatment and those under the 


regular treatment? 
III. DEFINITION OF TERMS 


Culture: The sum total of the attainments and learned 
behavior patterns of any specific period, race, or 
people, regarded as expressing a traditional way of 
life subject to gradual but continuous modification 
by succeeding generations. 

Cultural Approach to Mathematics Instruction: An approach 
which emphasizes the natural and historic inter- 


relationship of mathematics with other areas of human 
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knowledge, activities and interests. It views mathe- 
matics as a tool of man which enables him to understand 
and control his physical and economic environment, and 
as a language which makes mathematical communication 
possible. The approach would present mathematics in 
the context of its genesis, creators, evolution and 
contribution to the development and maintanance of 
societies. 

Unit: The sum total of the classroom experiences in mathe- 
matics to be dealt with during the course of this study. 

Debriefing: A non-directive investigation which places 
responsibility on the student to assess what he has 
learned. 

Regular Treatment: The sum total of all classroom instruc- 
tional procedures and strategies generally or ordinarily 
employed by the classroom teachers participating in 
this study. 

Content Objectives: Objectives of instruction related to 
the acquisition of mathematical knowledge, concepts 
and skills, and mathematical processes such as making 
guesses, formulating abstractions, generalizations and 
problem solving techniques. In this study, process 
objectives are considered as a subset of content 
objectives as advocated by Parker and Rubin (1966, 


pp. 1-4; 44-45; 48). 
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IV. DELIMITATIONS 


1. The study was delimited by involving two high 
schools, one grade level, two teachers and ninety-four 
students. 

2. The study was delimited to the study of trigo- 
nometry as prescribed by the regular curriculum guide of 
the province of Alberta. 

3. The study was delimited by the length of time 


spent in the classroom (3 to 4 weeks). 
V. OUTLINE OF THE THESIS 


The study is organized around six chapters. In 
Chapter II, the pertinent literature is reviewed. The 
purpose of Chapter III ie to describe the cultural treat- 
ment and the manner in which the instructional materials 
were collected and prepared. The design and procedures of 
the instructional portion of the study are outlined in 
Chapter IV, as are the sources of data, testable hypotheses, 
research questions and analyses used. In Chapter V the 
results, interpretations and conclusions of the study are 
given. The summary and suggests for further research are 


presented in Chapter VI. 
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CHAPTERSif 
THE RELATED LITERATURE 
I. INTRODUCTION 


The purpose of this literature review is to describe 
the origin and evolution of the cultural approach to 
mathematics instruction and to identify its major character- 
istics. Included also is an indication of the outcomes of 
such an approach as suggested by its major proponents. 
Finally, various experiments and investigations of an 
educational nature which relate to the cultural approach 
are reviewed. 

II. THE ORIGIN AND DEVELOPMENT OF THE 
CULTURAL APPROACH 

The first significant "new mathematics" develop- 
ment project in the United States was headed by the late 
Max Beberman and commenced in 1952. Several other projects 
including SMSG (School Mathematics Study Group) were begun 
shortly thereafter. Opponents of the new programs appeared 
quickly wleinelI538,% Morris#Kkline*wrotesan artic lerdenounciing 
some of the basic directions which the new courses were 
taking. The article received wide distribution through 
"The Mathematics Teacher" (October, 1958). He suggested 


that the problems with the existing mathematics curricula 
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related not so much to outmoded content as it did to the 
Manner in which the content was taught. He did, however, 
criticize such "modern" content as set theory, symbolic 
logic, groups and abstract algebra, which were in his 
opinion inappropriate for school curricula. He opposed 

the rigorous deductive logical presentation of ideas, 

which were, he believed, contrary to all historical experi- 
ence of mathematical discovery. In addition, he argued 
against the excessive use of abstractions which were not 
properly grounded in concrete experience of the physical 
origin of mathematics. He saw the "new mathematics" as 
mathematics removed from its proper and historic role in 
the scheme of things, and he believed that as a consequence, 
the life and spirit of the subject would be lost. 

Kline's ideas about the reforms in the mathematics 
curriculum of the secondary school were not arrived at 
quickly, for his professional career in mathematics had 
been devoted to the investigation and teaching of the role 
and influence of mathematics in the evolution of societies, 
both ancient and modern. His thinking can best be 
summarized by the following: 

Knowledge is a whole and mathematics is a part of that 
whole. Mathematics in every age has been part of the 
broad cultural movement of that age. We must relate 
the mathematics of history, science, art, music, 
literature, logic, as well as any other development 

the topic in hand permits. We should try as far as 
possible to organize our materials so that the develop- 
ment of the mathematics proper is related to the 


development of our civilization and culture. At the 
very least, each major topic should be imbedded in the 
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cultural context which gave rise to it and should be 

capped by a discussion of what the creation has done 

to influence the development of our civilization. 

(Kline, 1958, p. 426) 

But Kline was not the only mathematician in the 
United States concerned about the new courses. In 1962 
seventy-five influential American mathematicians and 
educators, including Ahlfors, Courant, Coxeter, Pollak, 
Polya, Sawyer and Wittenberg, composed a statement expres- 
Sing grave doubts about the direction the new programs had 
taken. The concerns expressed were similar to those 
outlined earlier by Kline. They insisted that the 
emphases given in the new programs were inappropriate for 
most students, separated mathematics and science even more, 
and isolated mathematics from its significant relation with 
other areas of human interest. 
Though the major emphases of Kline's proposals 

are not directed at the body of content which makes up a 
mathematics curriculum, he nowhere minimizes the importance 
of content. His proposals relate primarily to the manner 
in which it is handled, for he stated: 

Mathematics is more than a method, an art, anda 

language. It is a body of knowledge with content 

that serves the physical and social scientist, the 

philosopher, the logician, and the artist; content 

that influences the doctrines of statesmen and 

theologians; content that satisfies the curiosity of 

the man who surveys the heavens and the man who muses 

on the sweetness of musical sounds; and content that 

has undeniably, if sometimes imperceptibly shaped the 


course of modern history. (Kline, 1957, p. 9) 


Nearly two decades have passed since Kline's 
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criticisms and alternate proposals were first published. 
Since then, educators in Europe and North America including 
Athen, Weinberg, May, Higginson, Ailles, Norton, Steele, 
Hall, Freudenthal, Howson, Griffiths, Hill, Coleman and 
Edwards have advocated in varying degrees and with varying 
emphases, the teaching of mathematics at the secondary 
school level from a cultural perspective. 

One of the central areas of concern has been the 
place and scope of mathematics in the general education of 
the student. Relative to this question, Kline (1973, p. 
145) has suggested that the mathematics education of stu- 
dents should be broad rather than deep; a truly liberal 
arts education, where students not only get to know what 
the subject is about but also what role it plays in our 
culture and our society. Athen (1963, p. 240) advised that 
concrete knowledge in the various school subjects must be 
examined continuously with regard to its role in education. 
He states further that mathematics should be presented in 
a manner “which enables the young student to become con- 
scious of his dependency, of his relations, and of his 
position in the world in which he lives." Athen (1964, 

p. 250) asserts that within the general aims of education 
in the secondary school, mathematics has a well explained 
function in the sense of one of the humanities which aids 
in interpreting the totality of our culture and civiliza- 


tion. Concerning the approach to mathematics education 
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May (1971, p. 100) believes that the subject should be 
taught as an integral and vital component of human culture, 
as an intellectual and scholarly discipline including 
theory and practice. He advocates a balanced view of 
mathematics which reveals all its various interrelations 
with other aspects of human activity. Weinberg (1965, 
p. 606) proposes a similar view: 
Elementary education should recapitulate the historic 
path of the discipline: its connections with other 
disciplines and with practical purposes, its origin, 
its scholarship—in short, its place in the scheme of 
things. 

The thinking that mathematics should be approached 
from a broader perspective is coming increasingly into 
prominence. Howson (1973, p. 10) summarized the general 
tone and direction of the Second International Congress 
on Mathematical Education as follows: "There was a need 
to see mathematics not only as a world in itself, but as 
a part of a greater universe. How did mathematics evolve? 
What is its place in general education, indeed in civiliza- 
tion?" A recent report of the Science Council of Canada 
(Coleman et al., 1975), entitled "Mathematical Sciences 
in Canada" contains information and recommendations 
relative to secondary school mathematics education in 
Canada. The authors (Coleman, Edwards and Beltzner, 1975, 
p. 91) suggest that mathematics should be viewed (a) as a 


way of thinking which provides a powerful tool for ana- 


lyzing subtle and unobvious aspects of experience, (b) as 
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a cultural resource which can add interest and enjoyment 
to life and (c) as a language which is essential for the 
communication of ideas for the formulation of societal 
goals. These broad aims for mathematics education are 
congruent to the basic goals and intents of the cultural 
approach. 

One of the components of the cultural approach 
involves the inclusion of the history of mathematics as 
anuuntegrall parta@ot anstruction.caBarzun, (39457) ptte2)shas 
stated: 

I have more than an impression—it amounts to a 
certainty—that algebra is made repellent by the 
unwillingness or inability of teachers to explain 
why .. . there is no sense of history behind the 
teaching, so the feeling is given that the whole 
system dropped down ready-made from the skies, to be 
used only by born jugglers. 
Two decades later Hall (1973, p. xii) noted that students 
are seldom if ever provided with any significant amount 
of background or framework for the mathematics they have 
learned. He advised that teachers should "explain, by 
showing the actual historical stages of the metamorphosis, 
what mathematics is and why it has become the way it is." 
Leibniz is known to have felt: 
Nothing is more important than to see the sources of 
invention which are, in my opinion, more interesting 
than the inventions themselves. (Quoted in Polya, 
Nie. sehen a beesy 
Schaaf (1963, p. 42) has stated "Probably no subject loses 


so much as mathematics when it is dissociated from its 
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Several possible outcomes are suggested as a result 
of utilizing the historical dimensions of the subject. 
Howson (1972, p. 39) suggests that the use of historical 
items reveals mathematics as a slowly but continuously 
evolving body of knowledge, a product of the creative 
Spirit of man. In addition, he states, the evolving and 
refining of mathematical structure and symbolism becomes 
apparent. The Thirty-first Yearbook of the National 
Council of Teachers of Mathematics (1969, p. 13) states 
that a "sufficiently concrete and detailed tracing of the 
history of the development of a generalized idea is one 
of the best ways to teach an appreciation of the nature 
and role of generalization and abstraction." The Report 
of the Cambridge Conference on School Mathematics (1963, 
p. 19) pointed out two possible outcomes. The report 
suggested that providing the historical background of a 
topic often makes clear the motivation for discussing it 
as well as illuminating the essential truth that all known 
mathematics was invented by somebody. Kline (1956, p. 10) 
and Howson (1973, p. 39) have stated that the inclusion of 
the history of mathematics reveals the crucial role of 
mathematics in the development and maintenance of our 
modern technically oriented society. 

The humanizing of mathematics is seen by several 
authors (Higginson, 1973, p. 143; Sobel and Maletsky, 


1975, pp. 10,11) as a significant outcome of an emphasis 
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on the historical aspects of the discipline. Sarton (1936, 
pp. 8-28) has declared that a study of the history of 
mathematics will not make better mathematicians, but 
gentler ones. He states that the history of mathematics 
reveals it as a human creation about which all can be 
justly proud. It reveals also the inventive genius, and 
the curiosity which is uniquely characteristic of 

man. 

According to Frietag and Frietag (1957, p. 222), 
an historical approach which emphasizes the origin, 
evolution and human aspects of mathematics takes care of 
the feelings as well as the mind of the learner, for they 
state "Connectionism stresses the need for establishing 
associational bonds in the learning situation. The 
historical method associates mathematical ideas with their 
creators, mathematics with the history of human affairs." 
In this regard, they suggest, the approach is in harmony 
with the Gestalt theory of learning which emphasizes the 
mental-emotional unity of the learner. In a similar vein, 
Whitehead has observed: 

You cannot put life into one schedule of general 
education unless you succeed in establishing its 
relation to some essential characteristic of all 
intelligent or emotional perception. (As quoted 
by Hitgganson;?41 9735p 3 7) 

Another component of the cultural approach involves 


the role of applications of mathematics in the school 


mathematics curricula. Shortly after the "new mathematics" 
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programs were introduced into the schools, the Report of 
the Cambridge Conference on School Mathematics (1963, 

p. 21) made several recommendations concerning the future 
direction of mathematics education in the United States. 
Some of these recommendations were aimed at rectifying 
various curricular imbalances which were evidenced ina 
multitude of new textbook series and related classroom 
materials. One of the recommendations concerned the 
rationale for andthe role and importance of "applications" 
in the modern mathematics curriculum. A decade later how- 
ever,) Aidiiesfeteaillem(1973,ip2) 8) fe Belat (1974¢ep.8293) Wand 
Coleman et al. (1975, p. 103) observed that most secondary 
school mathematics programs placed little emphasis on the 
applications of mathematics, and especially to business 
and social problems. 

Freudenthal (1973, p. 16) and Kline (1973, p. 148) 
point out that the main reason why mathematics continues 
to maintain a central position in modern school curricula 
is because it is so useful to man. This fact, they believe, 
should be reflected in the curricula. Freudenthal (1968, 
piebiphasf stated: 

Since mathematics has provided indispensable for the 
understanding and the technological control not only 

of theaphysical-world.but also of the social structure, 
we can no longer keep silent about teaching mathematics 
so as to be useful. In education philosophies of the 
past, mathematics often figures as the paragon of a 
disinterested science. No doubt it still is, but we 
can no longer afford to stress this point if this 


keeps our attention off the widespread use of mathe- 
matics and the fact that mathematics is needed not by 
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a few people, but virtually by everybody. 

Bell (1974, p. 200) asserts that unless students 
of mathematics are able to solve problems which involve 
mathematical modelling of real world situations, mathe- 
matics will, for most of them, be pointless. Athen (1964, 
p. 244) points out that it is not possible to demonstrate 
the significance of mathematics in secondary schools with- 
out referring to its use in modern science, economy, and 
technology. 

Most authors who advocate a greater stress on the 
usefulness of mathematics indicate that greater student 
interest and motivation follow. Cooney, Henderson and 
Davis ©( 1975; °pr 73)j cand ‘Krutetski°(1969, Up. 2118)»¢contend 
that student interest in a topic increases when its utility 
has been perceived. Bassler and Kolb (1971, p. 25) state 
that "learning is facilitated if the learner perceives the 
task as being meaningful and applicable." Pollak (1970, 

p. 333) contends that unless the "applications" aspect of 
mathematics is presented as a vital part of the mathematics 
curriculum, students will not come to a full and honest 
picture of the subject, for he states "it is an important 
part of both the value and the heritage of mathematics to 
see and practice its usefulness." 

Hill et al. (1975, p. 138) reiterated the plea for 
teachers to provide students with a greater opportunity to 


apply mathematics in as wide a realm as possible—in the 
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social and natural sciences, in consumer and career 
related areas as well as in any real life problems that can 
be subjected to mathematical analysis. 

In order to reveal mathematics not only as a 
discipline which possesses characteristics unique to itself, 
but also as a discipline which interrelates with other 
areas of human interest, Hawkins (1972, p. 120) insists on 
closure of the mathematical domain. By closure he means 
the mathematical use of the word, which implies removing 
barriers, not building them. He suggests that the mathe- 
matical domain be defined in such a way that it does not 
exclude any situation of learning merely on the ground 
that the latter might also be described under social, 
scientific or aesthetic categories. Similar views have 
been expressed by Reichmann (1967, p. 256) and Edwards 
(i973; pe 3). Matthews (1972,> p. 78) has noted that the 
first reforms in mathematics were made within the subject, 
but that the second reforms will involve looking across 
the boundaries. He has stated "We have had a glimpse of 
the way ahead—mathematics with everything." 

A multi-related approach to mathematics establishes 
"Outside connections" with the subject matter. "New 
mathematics" is connected within the subject, a connection 
which is constructed in order to teach a unified mathe- 
matics. From the standpoint of the student however, 


Freudenthal (1973, pp- 74-76) sees little value in this 
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type of connection. He suggests that there are other more 
important connections which should be tapped: 


To teach connected mathematics it is not wise to 
start looking for direct connections; they should 
rather be found between the contact points where 
mathematics is attached to the lived-through reality 
of the learner. Reality is the framework to which 
Mathematics attaches itself, and though these are 
seemingly unrelated elements of mathematics, in due 
process of maturation connections will develop. Let 
the mathematicians enjoy the free-wheeling system of 
mathematics—for the non-mathematician the relations 
with the lived-through reality are incomparably more 
momentous. 


Another component of the cultural approach to 


mathematics instruction is the importance attached to the 


pursuit of affective goals. Mathematics educators generally 


divide the goals of mathematics education into three 
categories: content goals, process goals and affective 
goals. The emphasis given particular goals is determined 
to a greater extent by the biases and philosophical view 
of mathematics held by the teachers and the curriculum 
designers. The Mathematics Curriculum Guide (1971) of the 
Alberta Department of Education lists as one of the five 
major objectives for the senior high school mathematics 
program "To develop an appreciation of the contribution of 
Mathematics to the progress of civilization” “(p. 3). j1t 
is probably fair to assume however, that curriculum 
designers and teachers have made little attempt to fulfil 
the intents of this objective. 

Bassler and Kolb (1971, p. 45) have observed that 


teachers feel guilt when they turn their attention from 
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meeting content objectives for any length of time. They 
contend that "the importance of affective goals should be 
more widely recognized and stressed so that their achieve- 
ment can be pursued without apology." Concerning the 
teaching of mathematics in the secondary schools of 
Ontario, Ailles, Norton and Steele (1973, p. 3) stated 
that "something needed to be done to make the study of 
mathematics a more meaningful and even exciting experience 
for a greater number of students." Sawyer (1973, p. 10) 
has suggested that the main task of any teacher is to make 
the subject interesting. This is an important observation 
since as Cooney, Henderson and Davis (1975, p. 70) point 
out, attitudes toward mathematics are learned concomitantly 
with the subject matter. When students find the subject 
matter interesting and relevant, they suggest, their 
motives for studying increase and they are more likely to 
retain it. Johnson (1957, p. 116) argues that: 
Since we learn according to our reactions to 
experiences, we cannot expect an attitude of apprecia- 
tion to emerge from classroom lessons that are dull 
and uninspiring or from homework that is meaningless 
drudgery. 

Two national reports on mathematics education 
(Hi11,eteal2,91975, p.gi42; (Coleman, et?al.961975,4p-¢62) 
dwell at length on the importance of affective goals in 
the teaching-learning environment. Hill et al. (1975, 


p. 142) recommended "that the affective as well as cog- 


nitive domains in mathematics should be the subject of 
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constant and programmatic attention." A renewed interest 
in affective goals is also evidenced by recent recommenda- 
tions that research be carried out to investigate more 
carefully the relationship between the cognitive and 
affectivesdomains» (Hill»et: al.,;. 1973, p. 144;.Griffiths 
and Howson, 1974, pp. 48-49). 

Most of the outcomes associated with the cultural 
approach to mathematics instruction relate directly or 
indirectly to the achievement of affective goals. Kline 
(1962, p. viii) states that most students will respond to 
the cultural approach because it shows that mathematics 
has a point. He believes that because students have failed 
to see the full significance of mathematics they tend to 
dislike it, do poorly in it, depreciate its value, and 
shrink from further involvement. He suggests however that 
"if we do succeed in interesting students in our subject, 
we may get them to appreciate its value as a discipline, 
an art, and an engaging intellectual activity." 

Concerning the "appreciation of mathematics," 
different individuals find fascination and satisfaction in 
different aspects of the discipline. Jon von Neumann 
(1961, pp. 1-9) and Wigner (1969, p. 124) wondered at the 
peculiar and inexplicable relationship between mathematics 
and the natural sciences. They viewed it as something 
bordering on the mysterious, for which there was no 


rational explanation. But appreciation of the charm, 
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beauty and power of mathematics can come from sources 
other than perceiving its utility in the ordering of man's 
world. Fadiman admits to being mathematically illiterate, 
but as a result of his reading about and around the subject 
he has stated, concerning the fascination of mathematics: 

I have sensed that charm as vividly as one may sense 

the charm, without ever being quite able to define 

it, of a lovely face or voice or a piece of 

architecture ... (Quoted by Butler and Wren, 1960, 

Diesel L7,) 
Maslow (1971, p. 178) confesses that mathematics can be 
just as beautiful and just as peak-producing as music. He, 
like Fadiman, failed to discover the aesthetic pleasure 
derivable from mathematics until later in life. They both 
attribute this to a "bad case of early pedagogy." The 
"appreciation" of mathematics as mentioned by Fadiman and 
Maslow, neither of whom are mathematicians, underlines the 
following observation of Resnikoff and Wells (1973, p. 3). 
They have noted that just as it is possible to appreciate 
a piece of music without being a composer, it is similarly 
possible to appreciate the diversity, utility and beauty 
of mathematics without being a mathematician. 

By presenting mathematics from a cultural perspec- 
tive and revealing it as the Queen as well as the handmaiden 
of the sciences, of having both aesthetic and utilitarian 
attractions, advocates of the cultural approach suggest 


that due consideration is given to each of the three major 


goals of mathematics instruction: content goals, process 
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goals and affective goals. (In this study process goals 


are considered to be a subset of content goals.) 
III. ATTEMPTS AT IMPLEMENTATION 


Over the years attempts have been made to implement 
various facets of the cultural approach into regular class- 
room instruction. During the fifties, for example, a great 
deal of interest was expressed in the history of mathe- 
matics as an essential component of mathematics instruction 
and as a useful pedagogical tool. This emphasis was 
evidenced by the proliferation of articles in the profes- 
Sional teaching journals, extolling the advantages of such 
an approach. Jones (1957, p. 59) observed however, that 
in spite of these and earlier efforts to promote the 
historical bias, little impact had been felt at the class- 
room level. ) 

In 1969 the annual yearbook of the National Council 
of Teachers of Mathematics was entitled "Historical Topics 
for the Mathematics Classroom." The primary aim of the 
book was to "make available to mathematics classes impor- 
tant material from the history and development of mathe- 
matics, with the hope that this will increase the interest 
of the student in mathematics and their appreciation for 
the’ cultural aspects of the subject" (psox) -o9Itsis not 
possible to assess the impact of this volume on actual 


classroom practice. New interest in finding a place for 
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history in the mathematics curricula has been pointed out 
by Howson (1972, p. 39) who also notes that its universal 
neglect has been the cause of much concern. Cooney, 
Henderson and Davis (1975, p. 116) suggest that teachers 
probably do not use the historical approach frequently 
because they do not know the history of mathematics as 
well as they know mathematics. 

In 1972, St. Paul's High School in New Hampshire 
conducted an experimental course on "The History of 
Mathematics" (Dittrich, 1973). The course was a half- 
year elective for eleventh and twelfth-grade students and 
was used to complement and enrich the mathematics curricu- 
lum. The course dealt with such philosophical questions 
as "What is mathematics?", "What is logic?", "What is the 
role of logic in mathematics?" and involved extensive 
reading in mathematics literature in and around the dis- 
cipline. Other topics ranged from discussions concerning 
the Peano postulates to the mathematics of the Parthenon. 
In spite of the general nature of the course, Dittrich 
(1973, p. 37) found no discernible downward trend in the 


Stanford Achievement Test (SAT) scores of those in the 


course. He also reports that students repeatedly confirmed 


that the course was the most appealing they had ever taken 
in the subject. The course is now offered regularly. 
The introduction of applications of mathematics 


into the general mathematics curricula of the high schools 
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in North America has been slow. Concerning this matter 
Pollak (1973, p. 334) observed, "no one seriously questions 
the importance of applications of mathematics and yet we 
have had (and continue to have) enormous difficulty in 
obtaining a proper place for them in the curriculum." In 
the United States during the past decade, much effort has 
been given to develop materials which were "applications 
oriented." The earlier efforts were directed toward pro- 
viding supplementary materials for existing programs which 
would provide appealing motivational and illustrative 
applications. The impact of these materials, produced 
DirtMamULyebyesMsSG? (Bello 1967 91973) °ist difficult) to 
assess. 

Bell (1971, pp. 293-300) carried out a study with 
one class of first-year algebra students at the University 
of Chicago Laboratory High School. The purpose of the 
study was to determine whether contemporary uses of mathe- 
matics and mathematical modelling could be made a useful 
part of a standard school mathematics course. Bell found, 
in this pilot study, that it was possible to give con- 
sideration to the applications of mathematics within the 
standard fiveesyear course and that this emphasis can 
work in harmony with the subject-matter demands of the 
course. He found also "that there is tentative but 
encouraging indication that these efforts resulted both in 


more awareness of the usefulness of mathematics and in 
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positive attitude changes" (p. 300). 

There are at least five current curriculum develop- 
ment projects illustrating major new ways to blend mathe- 
matics and applications at the secondary level. Included 
among these are the UICSM "Introduction to Mathematical 
Methods in Algebra, Geometry, and Probability," Usiskin's 
"First Year Algebra Via Applications" and "The Man Made 
Worlde” #i0Lrethese mathematics/applications curricula, jonly 
one, the "The Man Made World," has been completed and field 
tested. @eHitivet ale (1975, p- 30) suggest “that ‘both the 
extensive claims for the meaningfulness of applications in 
the curriculum and the volume of activity taking place to 
develop them point to the necessity of early and serious 
evaluative efforts." 

Following the aims of education in Alberta as 
perceived by the Worth Report (Worth, 1972), Higginson 
(1973, pp. 137-153) has advocated a mathematics curriculum 
centred about the aesthetic, occupational, social, intel- 
lectual and recreational needs of the students. He argues 
that traditional mathematics curricula have been almost 
completely antithetical to the achievement of person- 
centred goals, even though, he suggests, mathematics is 
potentially one of the most potent vehicles for the achieve- 
ment of these goals. He has not however, developed 
instructional materials which would give evidence of how 


this might be carried out in the classroom environment. 
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One of the most extensive curricular reform pro- 
jects in the United States was "Harvard Project Physics" 
(Rutherford, Holton and Watson, 1970). A major goal of 
the project was to design a humanistically oriented 
physics course. The materials which were developed, over 
a period of eight years, consist of student readers, 
student handbooks and texts. The reader includes inter- 
esting historical notes, brief biographies of physicists, 
and short articles on the use and importance of physics in 
modern society. This effort to portray the spirit as well 
as the nature of physics is characteristic of the texts 
as well. Concerning the success of this series the authors 
HepOL ts 

The large-scale study of student achievement and 
student opinion in the participating schools through- 
out the United States and Canada showed gratifying 
results—ranging from excellent scores on the College 


Entrance Examination Board Achievement Test in Physics 
to the personal satisfaction of individual students. 


(p. x) 
This unique curriculum series in high school physics, 
which has no wre nare ears in mathematics, characterizes 
better than any other program to date, the spirit and 


intent of the cultural approach as outlined in this study. 
IV. SUMMARY 


The literature review has outlined the genesis, 
evolution, major characteristics and proposed outcomes of 


an instructional approach to mathematics which would 
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present the subject as the multi-dimensional discipline 
thatoytiise 

The method would reveal mathematics as an evolving 
creation of the human intellect and would emphasize the 
fact that it is man's most vital tool for the proper under- 
standing of his physical, social and economic worlds. In 
addition, mathematics would be viewed as a language which 
enables man to communicate the realities and relationships 
between the physical and mathematical world. The approach 
would present mathematics as a body of knowledge, of 
techniques, skills and structures, knowledge of which 
enables man to mathematize reality and perhaps even that 
of mathematics. The multitudinal interrelations of mathe- 
mMatics with other domains of human interest would be 
emphasized as well. 

But as man is more than the sum of his physical 
components, so too is mathematics more than the sum of 
its parts. The cultural approach would incorporate the 
cultural heritage of mathematics as part of the regular 
teaching strategy. Whenever possible, the content of a 
topic would be presented in the context of its historical 
origin and the evolution of the topic would be traced 
through time. The impact and significance of the invention 
on the development of mathematics as well as on the culture 
of the time would be investigated. In addition, the 


importance and role (of the concept or topic under study) 
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to modern society would be made apparent through problems 
appropriately chosen to demonstrate the utility of the 
SOpILC. 

As a consequence of this approach, proponents 
claim that a truer, more balanced and honest view of 
mathematics would result. Students would come to appreci- 
ate mathematics as an artistic product of man, but one 
which, paradoxically, provides him with his greatest tool 
for understanding and controlling his environment. The 
Significance and vital role of mathematics in the efficient 
operation of the modern technological society of the stu- 
dent would be apparent. In addition, advocates claim, 
students would come to appreciate more thoroughly the 
beauty, power, utility and spirit of mathematics. 

Kline (1967, p. 9) has stated: 

We should like to understand what mathematics is, how 
it functions, what it accomplishes for the world, and 
what it has to offer in itself. 

The aim is to teach mathematics in context, so 
that students might come to sense the flavour as well as 
the ingredients of mathematics, to see mathematics as 
Fadiman (1957, p. 8) has seen it "as a kind of hub of 
the universe from which radiate the spokes of a hundred 
arts and sciences . .. or like a circular window opening 
on 360° of thought"—in short—not as a subject but as a 
world. 


The humanization of mathematical teaching, the 
bringing of the matter and the spirit of mathematics 
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in fragmentary faculties 
greatest desideratum is, 


I assume, beyond dispute. (Reyser,91940, p. 61) 
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CHAPTER eur. 
THE CULTURAL MODEL 
I. INTRODUCTION 


Proponents of the cultural approach to mathematics 
instruction propose that the subject should be taught ina 
manner that reveals its multiple dimensions as an art, a 
language, a process, a body of knowledge, and as a tool. 
They also propose that instruction in mathematics should 
reveal its rich history, its development, its creators, its 
contribution to the aesthetic and utilitarian needs of man, 
and as a discipline which has affected and continues to 
affect the course of history and the makeup of cultures. 

The purpose of this chapter is to state the charac- 
teristics of a cultural model for mathematics curriculum 
design based on the literature, to describe the cultural 
treatment, and to indicate the manner in which instruc- 
tional materials for a unit of Mathematics 23 trigonometry 
were collected and prepared. The chapter concludes with 


a description of the regular treatment. 
II. SELECTION OF CONTENT AREA 


The content area selected was elementary trigonome- 
try for students in Mathematics 23 classes, as prescribed 
by the Alberta Department of Education Curriculum Guide to 


Mathematics (1971). Trigonometry was selected because it 
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required mastery of minimal prerequisite mathematics, 
because resource materials were available, and because the 
time required to complete the unit (four weeks), seemed 
adequate for the in-school instructional time required for 
aestudy Orethis) sont. 

The prescribed content of the Mathematics 23 unit on 
trigonometry as found in the Department of Education 
Curriculum Guide is as follows: review; the six basic 
trigonometric functions; special and quadrantal angles, 


and graphs. 
III. THE CULTURAL MODEL 


The cultural approach to curriculum design acknow- 
ledges the importance of the content, process and affective 
goals of mathematics instruction (in this study, process 
goals have been earlier defined as a subset of content 
goals). In the cultural approach, considerable effort is 
given to the achievement of affective goals, but not, 
ideally, at the expense of the achievement of content 
goals. Concerning affective goals, Bassler and Kolb (1971, 
p. 44) suggest that the study of mathematics and the 
exposure to mathematical activity should result in valuing 


1. The ability of human intelligence to invent and 
discover relationships whose application permits man 
to influence and order his environment. 

2. The ability of human intelligence to go beyond 

the known and observable part of its physical environ- 
ment and engage in imaginative thinking. 

3. The enjoyment that can result from intellectual 
pursuit and a love of knowledge. 

4. Mathematics and mathematical activity as a substan- 
tial part of the cultural heritage of the human race 
that deserves the support and encouragement of society. 


of abe xod om ovale aoe Nn 7 


renee  (aaisew ie enw pd? edeignoo 0d beatuper omk 7 
20% boxiupex smiz saobteuasent fooriee-ni edt 20k etaupsbs | 
r .tu0e atdd to ybuse B |” 


to — Es eoljamon5M edt to taotnoo bedi toReng ent 
noissouby t0 saisnidagqad att mi panok és yYitemonopisy . 
steed xie ond ‘weives sawoLfet 2s at obive metwotri 
,eelpns Létasxbsup . bas ists! {B@noitonnt oitsemonopiad a 
.efqszp Bae a 


(tdOM JARUTIUD GBT IT! 


“womdkos apiaeb muifunixino o¢ dosozggs Inissiuo sd? 

svigoelts bas zes00tq ,tnetnoo edd to sonssxogms ort aspbel 
eeeso0rq ,ybuste afd nk) noistouatent aottamedten Yo elsop 7 
sHsta09 20 joadiia s es Deniteb seLltes need evel elsop : 

ei siotte sidarebienos «fosorgas Isistino sdt at «(elsog: 

yton dud .2lsor Ssvidostis 20 tnemevsidos eft oF mevip 

Inssn09 to jnomeve ites orit 70 928094xe add 36 vitisebs 
EVOL) eats bus 19feesh valsop evitoeris. poinresnoed -aLeop 
atts bas hs aed to ybuse oft Jerid Jeopuwe (hb | : 
pnivisv ai tives Binode here eolstemed>om barker or 


SnavAi od 8 ert m ae ; 
aisgets otaaoilaae | | claed somes 


: vee ? wigulinde oe ae g 2 as 
ts: fi ee Orr ot ee a eect 


sec - | 
ag: ; = of ri — peak se i Bs Can ca ss 
pridnisd ovitenio n 
‘ mia 3S ere ued > 4 oF) ; 
a. i ~<a Zhe ps 


= x A ah ; y > 
+5 ' ‘ 4 ‘ ‘ : ¢ , 
« ' - Agt wy ee ‘ fa) 


wate 7 


yA Ig5 ef? Io : ai 
ie jee ath Rew, ert iay © , K : ny : oi aac - 


5 ee ; " > ‘ - 7 ee ae 7 ra 
are 4 as eee ae a han | + ae beh kes | i ful 


The cultural approach is an attempt to present math- 
ematics in such a manner that the achievement of both con- 
tent and affective objectives are pursued with equal deter- 
mination. Figure l illustrates the various areas of interest 
which are brought to bear on or connected with, the 
required mathematical content of the trigonometry unit. 

In the cultural approach, the mathematical content 
of a unit of mathematics is complemented whenever and 
wherever possible with appropriate historical, applica- 
tional and other relevant information in an attempt to 
enrich, clarify and add a contextual framework to the 
learning process. An effort is made to fit the topic 
into its rightful place within the totality of human know- 
ledge and history. The criterion for the selection of 
relevant materials is the one advocated by Edwards (1973, 
p. 9): "anything is relevant as long as it is connected 
and interesting." 

Lessons are designed so as to embed the required 
content within the context of its historical genesis and 
development. The names, occupations, cultural environment 
and mathematical contributions of the creators of pivotal 
ideas (in this case trigonometric) are discussed, as well 
as the impact that their inventions had on the development 
of mathematics in general and on the society from which 
it arose in particular. Major breakthroughs in the 
evolution of the discipline are highlighted as they appear 
within the natural sequence of the course. In order to 


appreciate the extent to which trigonometric methods have 
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been and are being utilized to solve problems, students 
are required to apply trigonometric techniques to problems 
of historical interest as well as to those originating in 
the real-world environment of the learner. 

In summary, the cultural approach to instruction is 
an attempt to achieve both the content and the affective 
goals of mathematics education by presenting the topic under 
study in the context of its historical genesis and evolu- 
tion, its role in the development of societies, and its con- 


tribution to the utilitarian and aesthetic needs of man. 


IV. DESCRIPTION OF CULTURAL TREATMENT 


The purpose of this section is to explain the 
cultural treatment as devised for the Mathematics 23 
unit on trigonometry, and should be read in conjunction 
with the associated lesson support materials which are 
included in Appendices 1, 2 and 3. The design and function 
of the support materials (lesson guides, worksheets, 
historical and biographical summaries and projectuals) are 
outlined later in this chapter. 

The treatment was built around and integrated with 
the mathematical content of the regular program of instruc- 
tion. All of the trigonometry ordinarily covered in the 
Mathematics 23 classes in the schools in which the instruc- 
tion took place was included in the treatment. 

Trigonometry as we know it began in the Greek city 


of Alexandria about 150 B.C. Students were made aware of 
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the geographic location of Alexandria, the stature of the 
city in the Greek world of the time, and its important 
place in the development of trigonometry. The teacher 
discussed (with the aid of projectuals) the occupation and 
contributions of the ancient astronomers Hipparchus and 
Ptolemy—indicating that trigonometry had its beginning 
as a result of the desire and need of astronomers to 
understand and chart the heavens. Occasionally, students 
were shown or were asked to solve problems of historical 
significance. This required students to apply their 
knowledge of trigonometric techniques. One such problem 
involved investigating how Hipparchus (150 B.C.) was able 
to calculate the distance from the earth to the moon 
(Lessons 3 and 4; Worksheet 5 and 6). Another related to 
the mathematician-engineer Heron (100 A.D.), who used the 
methods of trigonometry to show his peers how a tunnel 
could be constructed through a mountain by starting at 
either side (Worksheet 5 and 6). By solving appropriate 
historical problems or from teacher-directed classroom 
discussions, students were informed of the contribution 
made to man's knowledge as a result of the invention of 
trigonometry. Students (weretold thatsasjandirect*con- 
sequence of the development of trigonometry, man was able 
to chart the heavens, devise a world grid system using 
longitude and latitude, and solve a host of problems in 


engineering, mathematics and navigation. 
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Concerning the sequence of topics or subtopics 
within a unit of high school mathematics, Kline (1973, 

p. 114) proposed that, as a general rule, the sequencing 
should parallel that which was traced out by the natural 
historic evolution of the topic. This approach he called 
the "Genetic Principle." The manner in which the unit in 
trigonometry was sequenced in the Mathematics 23 course 
followed Kline's Genetic Principle. Thus it was possible 
to indicate significant developments in the natural 
evolution of trigonometry as the unit progressed. Stu- 
dents were informed of the construction and development of 
trigonometric tables, and were made aware of the amount of 
time required to calculate them. A comparison was made 
between the time required by Rheticus (1550 A.D.) to 
calculate tables and the time required to do similar 
calculations today using modern computing devices (Lesson 
2 and Projectual 8). Prior to the drawing of trigono- 
metric graphs, the significance of the work of Viéta and 
Déscartes was discussed as well as how these advances 
affected the development of trigonometry (Lesson 9). 

At the beginning of the unit of instruction, teachers 
of both the cultural and regular groups pointed out the 
importance of trigonometry as a useful tool of modern man. 
In particular, mention was made of its central importance 
in indirect measurement and in providing a mathematical 


model for the proper description and understanding of 


Ne 


ei926ed igioieshaeceebeatit to dimer ont ae pininniped odd gA oe 


a) 


ie 


epiqoddue x0 ahd ot ada eeteipentee VOTE 
| sE0CL) SrbE ants sdin Ldorive ord Y@ sha © atdthw | 7 
eniomeupoe 613 ote tanpne 2 ap (sade beaogora (ME) +d ” 
tetwten dd yd 30 gaat ebm how Sony se itoxaty bewette v ‘ | 
peiiso si losoxqab. eid -.Biqod eft to sotjviove aizosetd 
ot tin oft doidw ot Seba sith " eiqtonied oltense” ods Bis at 
sewwoo tS soitsmodism sdt mk beorespes enw ysdsmonopsss — 
eidiaaog aBw Si evn -siqtoais? pidensd atonila bewolLo® ~ 
fsistsn sit at ednomgo leven tasoitiopta eteolba&.oF 
-p 32 - beaestporg tiny oft 265 yrtsmonopixs to nolsuioys, 
to tasmqoleweb bas notjouttendo eft to beertolai oedw ataeb 
= 3nuoms sdt+ 2o Syews obsm ssw bus .eeldsy cia yemqnepksd” 
shan esw aoziteqmoo A. .meat stelvolso of betitpea emis 
ot (60-4 O@eL) esvotrenn- yd borivpat omts edd qsewsed — 
telimts ob ot betiupe: smite ada bos asides iene 
noweed) asciveh paisugmos o1tebom pated yebor iiothehuoiae. 
-onopkit to paiwsyb odd oF SOLID = .{8 (sutootoxt ames 
bis £33LV to ctew od Yo TeonkoLtiaeie. ott ,adqsip obeted.,) 
esonavhs saeit wod es tlow es badevnerb asw aici 
bs 


~(e ngaged) yttomoncp is to sasmqoteyeb add 6 2 7 
: ag 


* odd tuo Retdiog maneay arate Bris eat 


periodic events. Throughout the unit an attempt was made 
to provide example and assignment problems which reflected 
the diverse manner in which trigonometry finds application 
in the modern world. Problems were constructed using 

data collected from various sources in and around the city 
of Edmonton (Worksheets 3 and 4; Worksheets 5 and 6). 

Both the cultural and the regular classes spent 
two periods studying the mathematics and use of the clino- 
meter in indirect measurement. One of the two periods was 
spent outside in order to demonstrate the usefulness of 
the device as an aid in calculating the heights of various 
objects in the vicinity of the school. 

Concerning the manner in which the mathematical 
content of the unit was presented, the teachers were 
encouraged to maintain their regular classroom style of 
presentation. This was done in order to maintain, as much 
as possible, the normal classroom environment. The lesson 
outlines given the teachers were descriptive rather than 
prescriptive, particularly as they related to the manner 
in which specific trigonometric concepts or generalizations 
were to be presented. The amount of homework assigned was 
minimal, but decisions concerning the amount and the 
checking of homework assignments was left to the discretion 


of the instructors. 
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V. THE PREPARATION OF INSTRUCTIONAL MATERIALS 


Content Scope and Preparation 
of Objectives 


Before the lessons and support materials were con- 
structed, the researcher met with the participating 
teachers in order to determine the content material which 
could be adequately studied in four weeks of class-time. 

As a result of this meeting, the trigonometric content 

was further delineated and the content objectives specified. 
Both teachers agreed that the content objectives identified 
learning outcomes which Bee nee of Mathematics 23 would 
ordinarily be expected to achieve within a four week 
instructional period. 

The specified content objectives were common to 
both the cultural and regular groups, but certain affective 
objectives were identified for the cultural group only. 
Lesson objectives were written at the top of each lesson 
guide and affective objectives identified with an asterisk. 
For a listing of the objectives see lesson guides contained 


in Appendix 3. 


Sources of Materials 

In order to provide for an appropriate treatment, 
materials were assembled from various sources. Most of 
the information and materials were collected from mathe- 
matics books written from a cultural or historical per- 


spective. Other materials were taken from books written 
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about mathematics for the popular market. Some of the 
books used are mentioned in the following section. Fora 
more complete listing see the entries in the Bibliography 


marked with an asterisk. 


Historical and Biographical Sources 


Since the lives and contributions of mathematicians 
and the historical development of mathematics played an 
important role in the cultural treatment, books on the 
history of mathematics such as Eves' (1965) "An Intro- 
duction to the History of Mathematics" were consulted. 
This book also contains concise biographical sketches of 
mathematicians as does "Historical Topics for the 
Mathematics Classroom" (1969). Other books such as "The 
City of the Stargazers" (Huer, 1972) provided more 
specific information about the Greek city of Alexandria. 
From these same sources came several problems which were 
of historical interest and whose solutions were within 


the capabilities of the students. 


Gulbturalpsources 

Several books such as "Mathematics: A Cultural 
Approach" (Kline, 1962), provided information on the inter- 
play between the creators of trigonometry, the mathematics 
created, the impact of the inventions on the society from 
which it grew, the major developments of the topic over 


time and the contribution of the topic to modern society. 
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Content and Applications 


Many of the exercises and problems provided on the 
student worksheets came from high school mathematics 
textbooks, including the one used regularly by students 
in Mathematics 23. Since one of the aims of the cultural 
treatment was to show the extent to which mathematics 
finds application in the world, problems illustrating its 
usefulness were made an integral part of the classroom 
routine. Appropriate problems were found in some school 
mathematics textbooks, SMSG supplements (Bell, 1967, 1972) 
or constructed by the researcher. Information for the 
construction of problems was obtained by writing or tele- 
phoning Wardair, Alberta Government Telephones, Alberta 
Department of Highways and Banff National Park. Materials 


incorporating this information appear in Appendix 3. 


Support Materials 
1. Historical and Biographical Summaries 


When sufficient appropriate and relevant historical 
and biographical materials were assembled, summaries were 
written, highlighting the life, times, and contributions 
of the mathematicians responsible for significant break- 
throughs in trigonometry. These summaries were provided 
to each teacher as an aid to preparation for the portions 
of the cultural treatment which required an historical 


discourse. Copies of these summaries are included in 


Appendix 1. 
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2's Summary of the Uses of Trigonometry 


Trigonometry has gained for itself a permanent 
place in the world of mathematics because of its power as 
a tool for mensuration and as a mathematical model for 
Situations that are periodic. A summary was devised which 
indicated the diverse ways that trigonometry finds applica- 
tion today in each of the two major areas (mensuration and 
periodicity). The materials contained in Appendix 1 were 
taken from a teaching module on trigonometry prepared by 
Eldise(1976). 

S68, Projecttads 

Several projectuals were prepared for use in the 
treatment classes. Projectuals were made from maps which 
were intended to give geographical perspective to histori- 
cal topics, and from drawings of mathematicians. tOgHEn 
the projectuals displayed brief historical or biographical 
information. Historical problems of interest and problems 
of a more general nature were also made into projectuals. 
The projectuals, as well as adding a visual dimension to 
the presentation also provided the teacher with a visual 
aid, particularly when the display summarized the life and 
contributions of particular mathematicians. Masters of 
the projectuals are displayed in Appendix 2. 

4. Worksheets 

Student worksheets were devised containing exercises 


and problems, and were prepared in order to provide 
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in-class and homework assignments. On occasion, the work- 
sheets for the cultural and regular groups were identical. 
Often however, the problem sets were outwardly different 
but were equivalent from the point of view of the mathe- 
matical model required to solve them. Copies of the work- 
sheets can be found in Appendix 3. 

5. Lesson Guides 

Lesson guides were provided for each of the instruc- 
tors involved in the study. They contained a statement of 
the general purpose of the lesson, a list of lesson 
objectives, and a lesson outline which proposed a feasible 
sequence of instructional displays. In addition the lesson 
outlines indicated the resource materials to be used in 
conjunction with the lesson. Each instructor received a 
three-ring binder containing the lesson guides, student 
worksheets, historical and biographical summaries and 
projectuals. These materials are contained in Appendices 
ia 2 "anah3+ 

6. Achievement Tests 

Tests, designed jointly by the researcher and the 
teachers involved, provided a fair and adequate coverage 
of the mathematical content studied prior to the test. 
Test questions tested content objectives only and were 
similar to problems completed in class. Two achievement 
tests were administered to each class during the three to 


four week period of instruction, the first midway through 
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the unit, and the second at the end of the unit. The 

second achievement test covered the mathematics studied 

over the entire unit, but with emphasis given to the mathe- 

matical topics studied during the last two weeks of class. 
The affective objectives and related outcomes of 

the instructional period were tested at the conclusion of 


the .unit. 
Velie DESCRIPTION OF THE REGULAR TREATMENT 


The purpose of this section is to describe the 
regular treatment. The mathematical content studied was 
identical to ‘that studied: under \the «cultural treatment. 
The classes were fifty minutes long and met four times 
per week, as did all classes participating in the study. 
The content objectives were identified at the top of the 
lesson guides. Worksheets were made available to students 
in the regular classes as well. 

In a given school, the regular treatment was defined 
as the sum total of all classroom instructional strategies 
and procedures ordinarily employed by the participating 
classroom teacher. A typical lesson consisted of taking 
up the previous day's assignment, teaching a new trigo- 
nometric concept (employing a "question and answer" 
approach), solving example problems on the blackboard, and 
making a related assignment to be worked on in class. 


The instructor circulated throughout the class during this 
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work-session. The homework demands were minimal. For 
further clarification of lesson sequence and content, 


refer to the lesson guides in Appendix 3. 
VII. SUMMARY 


The purpose of Chapter II was to identify, through 
a review of the literature, the major characteristics of 
a cultural approach to mathematics instruction. The 
purpose of this chapter was to indicate the manner in which 
instructional materials for a unit of grade eleven trigo- 
nometry were collected and assembled using as a basis for 
design, the "cultural model." The supporting materials 
tdencr.Ledeand described sincluded historical andsbio-— 
graphical summaries, lesson guides and projectuals for 
teacher use, and tests and worksheets for student use. 

The cultural treatment described was designed to 
complement and supplement the required mathematical content 
of the are e, Throughout the unit, background information 
of an historical or biographical nature was introduced into 
the instructional display. The varied applications of 
trigonometry were indicated by showing through assigned 
problems and classroom examples how the methods and tech- 
niques of trigonometry have served the varied requirements 
of man through the centuries. The treatment was also 
designed to portray the fact that trigonometry has evolved 


asea result of a unique Dblendsorethesnecds  einventive 
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CHAPTER IV 
DESIGN AND RESEARCH PROCEDURES 


The purpose of this study was to design and produce 
classroom instructional materials for a unit of grade 
eleven high school trigonometry from a cultural per- 
spective, to teach the unit in a school setting and to 
seek answers to questions concerning resultant cognitive 
and affective outcomes. The purpose of this chapter is to 
specify the nature of the sample, the measures used, the 
testable hypotheses, the research questions and to 
indicate the analyses used. 

Throughout this study the participating teachers 
were actively involved in decision making pertaining to 
the instruction. Teachers had input into steededaies con- 
cerning the scope of the content studied and the design 
of tests. Teachers graded their own test papers according 
to their own marking scheme and were encouraged to maintain 
as much as possible their regular classroom teaching style. 
This was done in order to preserve the usual classroom 
atmosphere. The approach to the evaluation of the 
resultant instructional outcomes was the same as that 
suggested by Bell (1971, p. 300), who stated, concerning 
a pilot study which had characteristics similar to this 


one: "controlled research studies were not appropriate in 
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the pilot study . . . but some evaluative efforts were 
carried through in the spirit of gaining experience and 


insights that might be helpful in guiding future efforts." 
I. THE SAMPLE 


The sample consisted of ninety-four students from 
four coeducational classes of grade eleven (Mathematics 23) 
students, two classes from each of two high schools under 
the jurisdiction of the Edmonton Separate School Board. 
The researcher requested, of the Board, that it attempt 
to provide schools which had at least two Mathematics 23 
classes in session and where one teacher taught at least 
two of these classes. Schools were consequently assigned 
which met the conditions requested. Only two teachers 


therefore, were involved in the study. 
II. ASSIGNMENT OF CLASSES TO TREATMENTS 


In each of the schools participating, one class 
was taught the unit in the manner usually taught by that 
teacher and the other class was taught the unit from a 
cultural viewpoint. Classes were assigned to treatments 
Using the flip ‘o£.a corm 

If the two schools are represented by the letters A 
and B, and if the two treatments are represented by 
Re(regular)) and ¢ (cultural); Slet«AC,#ftorvexample, irepre- 


sent the class in school A under the cultural treatment. 
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Hence the classes can be represented by AR, AC, BR and BC. 
Table 1 indicates the number of students in each of the 


classes. 


TABLE 1 


NUMBER OF STUDENTS IN PARTICIPATING CLASSES 


Treatment 
School R 6; Total 
A 28 28 56 
B 12 26 38 
Total 40 54 94 


The duration of the in-school portion of the study 
differed between the two schools. The time made available 
for instruction at school A was three weeks whereas the 
time allotted in school B was four weeks. As a consequence 
less mathematical content was studied in school A than in 
school B. Except for the time differential, the two school 
environments provided opportunity to test the cultural 


model under similar conditions. 
pels Ty PREPARATION OF TEACHERS 


Prior to the in-school instructional period, the 
researcher met individually with the teachers to explain 
the purpose of the study and the nature of the cultural 


treatment. Later, a joint meeting was held at which time 
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final decisions were made concerning the duration of the 
instructional period, scope of the trigonometry content 
to be studied, and the testing and grading procedures. In 
addition, the characteristics and proposed outcomes of the 
cultural treatment were further discussed and clarified. 
During the three to four weeks of instruction, the 
writer visited about half of the regular and treatment 
classes. This provided the occasion for ongoing inservice 
through a discussion of the objectives, instructional 


methods and aids available for particular lessons. 
IV. SOURCES OF DATA 


Data used in this study came from the school 
officials, student achievement scores on the unit, student 


reaction questionnaires and teacher reaction questionnaires. 


Achievement Scores in the Regular 
Mathematics Program 


The achievement grade in the regular mathematics 
program was obtained for each student. These scores, 
which were obtained from the schools, were the scores 
received in Mathematics 23 and reported on the last report 


card prior to the commencement of the instructional period. 


Achievement Scores on the 


Trigonometry Unive 


Each student took two achievement tests in trigo- 


nometry, the first at the midpoint of the unit and the 
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second at the end. The final achievement score for each 
student was calculated by finding the mean of the scores 
obtained on the two tests. In a given school both the 
regular and treatment classes wrote the same test. All 
tests were graded by the participating teachers in accor- 
dance with their own marking scheme. This was done in 
order to maintain the approach to testing and evaluation 
which had been established in the classroom over the 
months prior to the instructional period. 

By considering the two achievement tests as one, a 
measure of reliability was calculated using the "split- 
half method" as outlined by Ferguson (1971, pp. 366-367). 
The "split-half" scores required for the calculation were 
obtained by adding the scores received on the odd-numbered 
items from both tests and adding the scores received on 
the even numbered items from both tests. This was done 
for each student participating in the study. The correla- 
tion between these scores was calculated to be 0.81 and 
the resultant reliability coefficient over the two tests 


was 0.90. 


Student Reaction Questionnaire 

At the conclusion of the instructional period all 
students participating in the study completed a two-part 
questionnaire. Part 1 consisted of sixteen questions 
with Likert-type responses. Each of the sixteen items 


could be classified under one of four major areas. The 
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areas tested by the items related to the "difficulty" of 
the trigonometry studied, the student's "interest" in the 
trigonometric unit, the"usefulness" of trigonometry, and 
the "cultural relevance" of the topic. Appendix 4 
contains a copy of the student reaction questionnaire as 
well as a listing of the test items grouped into the four 
areas of categorization. 

The data from this part of the questionnaire were 
used to compare the responses of students under the two 
treatments with respect to the four areas. Part 2 of the 
questionnaire required students to respond to the following 
questions: 1. What did you like best about this unit of 
work on trigonometry? 2. What did you especially dislike 
about this unit on trigonometry? 3. What did you learn 
while studying this unit on trigonometry that surprised 
you most? In addition, students were encouraged to 
comment further on any aspect of their recent classroom 
experience. These responses too were used for the purpose 
of comparing student reaction to the regular and cultural 


treatments. 


Debriefing 

Near the end of the instructional period but before 
the last test was written, a random sample of students 
from each of the four classes was interviewed by the 
researcher. Each student was interviewed individually and 


asked to respond to each of the following three questions: 
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1. What have you learned as a result of studying 

this unit on trigonometry? 

2. What do you know now that you did not know 

before studying this unit on trigonometry? 

3. What can you do now that you could not do before 

you studied this unit on trigonometry? 

Question 2 and 3 were essentially restatements of 
the first question. They were included to avoid any 
confusion over wording or interpretation of the word 
"learned." The students were allowed to take as much 
time as they desired to answer. The questions were related 
one at a time. Student answers were recorded on tape. 

The purpose of the "debriefing" was to place the 
responsibility on the student to identify those facets or 
features of the trigonometry unit that were sufficiently 
important or interesting to warrant recall, i.e., to 
determine what the student felt was worth remembering. 

The responses were later classified under thirteen 
headings, ten of which represented specific subtopics of 
the unit and the remaining three were more general cate- 
gories. Each unique response was subjectively "weighted," 
that is, assigned a numeral, representing its "complexity" 
as perceived by the researcher. A simple response such 
as "I can do problems involving right triangles" was 
assigned a weight of one. A response suchvas... LL Deknow 
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depression from the top of the lighthouse to a ship at 
sea, then I can find the distance from the ship to the 
base of the lighthouse" was assigned a weight of two. An 
elaborate response indicating exceptional understanding 
(or several examples) was recorded as a weight of three. 
The data received from the debriefing were used to compare 
the type and complexity of the learning outcomes recalled 


under the two separate treatments. 


Teacher Reaction Questionnaire 

A week after the in-class instructional period 
concluded, the teachers involved in the study completed a 
questionnaire. The purpose of the questionnaire was to 
obtain teacher reaction to the unit and to obtain their 
assessments of the appropriateness and effectiveness of 
the treatment. A copy of the teacher questionnaire is 


contained in Appendix 4. 
V. HYPOTHESES AND RESEARCH QUESTIONS 


The purpose of this study was to investigate the 
efficacy of a culturally based approach to trigonometry 
instruction with respect to its effect on student achieve- 
ment, certain affective outcomes and student recall of 
associated knowledge concerning the unit. The purpose 
of this section is to indicate the research questions 
posed, the testable hypotheses and the analyses used in 


the study. 
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QUESTION 1 

Are there differences in achievement between 
students under the cultural treatment and students under 
the regular treatment? 

This question can be stated equivalently in the 
following manner: 

Hypothesis 1 

There is no significant difference between the 

mean achievement scores on the unit between the 
regular and cultural classes within each school. 

The students involved in the study were not assigned 
to classes randomly, nor were the classes chosen randomly, 
consequently, any difference in the dependent variable 
(achievement on the trigonometry unit) between the regular 
and cultural classes could be attributed to initial differ- 
ences in their mathematical abilities. In order to 
statistically adjust for the possible effect of this 
uncontrolled variable (last report grade), the hypothesis 
was tested using analysis of covariance of the final 
achievement scores with the last report grade on the 
regular mathematics program as the covariate (Ferguson, 


1971, pp. 288-299). 


QUESTION 2 
Are there differences incertain affective outcomes 
between students under the cultural treatment and students 


under the regular treatment? 
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Since the questionnaire items subdivide into four 
areas, this question can be stated equivalently using the 
following four hypotheses: 

Hypotheses #2)(ail;me (Db); e2(c)}pande2(d) 

There are no significant differences between the 
questionnaire response scores of students in the 
cultural classes and students in the regular classes 
within each school with respect to the (a) difficulty 
items (b) usefulness items (c) interest items 
(d) cultural relevance items. 

As discussed previously in this chapter each of the 
sixteen items of the questionnaire fell into one of four 
categories: difficulty, usefulness, interest and cultural 
relevance. Hypotheses 2(a), 2(b), 2(c) and 2(d) were 
tested using the chi-square test for independence (Ferguson, 
1971, p. 188). Chi-square tests were made on the frequency 
of "favorable" and "unfavorable" responses between the 
regular and cultural classes. Given a five-choice Likert- 
type scale, a response was considered "unfavorable" if 
SD (strongly disagree) or D (disagree) were chosen and 
"favorable" if A (agree) or SA (strongly agree) were 
chosen (this general rule required adjustment depending 
on the manner in which the question was asked). 

Additional information concerning concomitant 
instructional outcomes was derived from student answers 


to three questions. The questions asked students to state 
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what ‘they “liked best," "disliked" or "found surprising" 
about their month-long classroom experience. These res- 


ponses were summarized and analyzed descriptively. 


QUESTION 3 

Are there differences between the students under the 
cultural treatment and students under the regular treatment 
in the type and complexity of their spoken reaction to 
their learning in the trigonometry unit? 

This question was answered by categorizing, quanti- 
fying and summarizing the taped responses of students made 
during the debriefing. The questions posed and other 
information relating to the quantification of students 
responses were previously discussed in this chapter. The 
analysis of the debriefing responses was descriptive. 

Additional information concerning the efficacy of 
the cultural treatment was gained from the teachers 
involved in the study. The teacher questionnaires, as 
previously described, were summarized in order to assess 
the teachability of the cultural agoconey as perceived by 


them. 
VI. LIMITATIONS OF THE STUDY 


Several assumptions were made relative to this 
study. These assumptions include: 
1. The presence of the researcher in the classroom 


affected student behavior in all classes in a similar 
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fashion. 

2. All subjects interpreted the items on the 
achievement tests in the same way. 

3. Subjects expressed their true feelings and 
attitudes on the questionnaires, the written responses 
and the oral interviews. 

4. All student respondents were affected in the 
same manner by the presence of a tape recorder during the 
interviews. 

The present chapter has indicated the nature of the 
sample, stated the research questions and the testable 
hypotheses, and outlined the analyses used. The following 


chapter reports the findings of the investigation. 
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CHAPTER V 
RESULTS OF THE STUDY 


The purpose of this study was to investigate the 
efficacy of a culturally based approach to a unit of 
trigonometry at the eleventh grade level. This chapter 
reports the data collected during the investigation, the 
results of testing the hypotheses and the other findings 
of the study. In presenting the results related to each 
question, the question or null hypothesis is stated, and 


the results of the analysis given. 
QUESTION l 


Are there differences in achievement on the 
trigonometry unit between students under the cultural 


treatment and students under the regular treatment? 


Hypothesis 1 


There is no significant difference between the mean 
achievement scores on the trigonometry unit between 


the regular and cultural classes within each school. 


Results 
This hypothesis was tested using analysis of 
covariance of the trigonometry achievement scores with the 


last report grade in Mathematics 23 as the covariate. 
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Table 2 compares the means of the last report grade (LRG) 
and the final achievement on the trigonometry unit (FAU) by 
classes. Table 3 summarizes the analysis of covariance 


performed on the appropriate scores. 


TABLE 2 


COMPARISON OF MEANS ON LRG (LAST REPORT GRADE) AND 
FAU (FINAL ACHIEVEMENT ON UNIT) BY CLASSES 


FAU 
School Classes n LRG Unadjusted Adjusted* 
e AR 28 Gives 54.3 54.9 
AC 28 G2 Sys i 54.6 
BR 2 5850 582.6 60.7 
5 BC 26 Slesi Sly 60.0 


*FAU mean adjusted because of covariate effect 


TABLE 3 


ANALYSIS OF COVARIANCE OF FAU SCORES BY CLASSES 


School Source oh MS Adj F p 
Group 1 0.86 0.006 0.94 

. Within 53 Semis 
Group a 133 0f0g 087 

S Within Be 51027 


Hypothesis 1 was not rejected. No significant 
difference was found between the mean achievement scores 


on the trigonometry unit between classes AR and AC or 
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between classes BR and BC. As indicated by Table 2 the 
final achievement mean was considerably lower than the last 
report mean in classes AR and AC. There was little change 


between these means in classes BR and BC. 
QUESTION 2 


Are there differences in certain affective outcomes 
between students under the cultural treatment and students 


under the regular treatment? 


HyYpothesess2i(a)ia.2. (Db), 2(C)mand s2i(d) 


There are no significant differences between the 
questionnaire response scores of students in the 
cultural classes and students in the regular classes 


within each school, with respect to the 


(a) difficulty items (b) usefulness items 
(c) interest items (d) cultural relevance items. 
Results 


Chi-square tests were made on the frequency of 
"favorable" and "unfavorable" responses between the 
cultural and regular classes. Table 4 gives the percentages 
of "Unfavorable" (UNF), "Undecided (UND), and "Favorable" 
(FAV) responses made by the regular and cultural classes 
on each of the four category groupings, the value of chi- 
square (x2) testing the relationship between the treatment 


and the responses, and the probability range of the 
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TABLE 4 


PERCENTAGES AND SIGNIFICANCE OF RESPONSES TO 
QUESTIONNAIRE CATEGORIES BY CLASSES 


Percentage of Responses 


Item 
Category Class UNF UND FAV 
ARM (24) 37 Ls) 50 
el (5) 52 Tey, Spl 
Difficulty PORE p (> t= 82930 MATE 
BR (9) tal 33 56 
BC (20) 60 7 33 
SON 4p (n= 6637) 102 
AR 13 30 57 
Ne 16 23 61 
Usefulness 299 = ply = 5.000), < 98 
BR iu 24 65 
BC 8 14 78 
50m" yo s. 20)) <TC 
AR 26 20 54 
AC 37 18 45 
Interest l:Oms<8D kul. S9)s) omeae 0 
BR 22 19 59 
BC 25 21 54 
80 <= DiiauaeO. 02) ma .90 
AR 13 29 58 
AC 7 23 60 
Cultural - 50) < p(x? a 0.30) <0 
Relevance 
BR 18 38 44 
BC Ws Dal 58 
Sh ee pee SS A chh Ps 7h) 
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ceSignicicant. at the 05 level 

Note: Numbers in brackets indicate number of students per 
class completing questionnaires. 
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observed chi-square for schools A and B. 

For classes AR and AC Hypotheses 2(a), 2(b), 2(c) 
and 2(d) were not rejected. For classes BR and BC 
Hypotheses 2(b), 2(c) and 2(d) were not rejected but 


Hypothesis 2(a) was rejected. 


Difficulty Items: Inspection of the percentages in 
Table 4 indicates that students in the cultural classes in 
both school A and school B found the unit on trigonometry 
more "difficult" than did students in the regular classes 


and in school B this difference was significant. 


Usefulness Items: A higher proportion of students 
in AC responded "favorably" to the usefulness items than 
did students in AR in 3 of the 4 test items, and a higher 
proportion of students in BC responded favorably to the 
usefulness items than did the students in BR in all 4 
of the test items. In neither school however was the 


difference significant. 


Interest Items: In school A students in AR 
responded more favorably to the interest items than did 
students in AC, whereas in school B no discernible relation- 
ship was found to exist between response to the interest 


items and group membership. 


Cultural Relevance Items: In both schools the 


proportion of students making favorable responses to the 
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cultural items was higher in the cultural classes than in 
the regular classes but in neither school was the differ- 


ence Significant. 


Analysis of Part II of the Questionnaire 


Part II of the questionnaire required students to 
respond to questions concerning what they "liked best," 
"especially disliked" and "found surprising" about the 
unit of trigonometry studied. In addition they were asked 
to provide any further comments related to the instruc- 
tional unit. Table 5 contains a summary of the answers 
given to each of the three questions (and the comments) by 
students in the various classes. The table indicates the 
major categories mentioned by students in response to the 
questions and the percentage of respondents within the 
classes who identified the particular categories. Occas- 
sionally the answer space was left blank. 

Inspection of the percentages in Table 5 yields 


the following results: 


Question 1: What did you like best about this 
unit on trigonometry? 

One-quarter of the students in AR and AC and one- 
third and two-thirds of the students in BR and BC respec- 
tively stated that the applications of trigonometry were 
what they liked most about the unit. One-third of the 


students in the regular classes specifically stated that 
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there was "nothing" which they liked best about the unit 
whereas almost no-one in the cultural classes made similar 
statements. The historical dimension of the cultural 
classes was seldom identified as one of the characteristics 


of the unit best liked by the students. 


Question 2: What did you especially dislike about 
this unit on trigonometry? 

An equal proportion (29%) of students in groups AR 
and AC said that there was "nothing" which they particu- 
larly disliked whereas 22 and 45 percent of the students 
in BR and BC respectively made the same remark. As 
compared with students in school B, a relatively high 
proportion of both classes in school A especially disliked 
the speed with which the unit was covered and the resul- 
tant failure to understand all or parts of the content. 
Ten percent of the students in BC disliked the historical 


aspect of the unit. 


Question 3: What did you learn during this unit 
on trigonometry that surprised you most? 

At least one-quarter of all students mentioned the 
simplicity and power of trigonometry to solve real-world 
problems as the characteristic of the unit that surprised 
them most. The proportion of students who identified this 
characteristics was higher in AR (33%) than in AC (24%), 


whereas in school B the proportion of students identifying 
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this characteristic was higher in BC (40%) than in BR 
(33%). Consequently no trend was discernible across 
schools. Some students were most surprised by the degree 
of success they had achieved on the trigonometric unit. 
The proportion of students in the regular classes who 
expressed this view was double the proportion in the 
cultural classes who expressed a similar view. In school 
A, historical problems and related information were seldom 
mentioned. In school B however 25% of the students in 
class BC and 0% in class BR specifically mentioned histori- 
cal problems or the historical dimension of the treatment 


as that which surprised them most. 


4. Student Comments: High percentages of students 
in all groups left this space blank. Once again, students 
in all classes mentioned the importance and usefulness of 
trigonometry. As in Question 3, a higher porportion of 
students in AR mentioned this than did students in AC, 
whereas in school B a higher proportion of students in BC 
mentioned this fact than did students in BR. No one in 
groups AC or BR suggested the unit was enjoyable, easy, or 
interesting, whereas 21% and 15% of the students in AR and 
BC respectively stated this. Twenty-one percent of the 
students in the regular classes expressed the opinion 
that the unit was a waste of time and not useful or rele- 
vant to their interests. On the other hand, almost no one 


in the cultural classes suggested this. About 10% of 
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students in both classes at school A remarked that they 


would have liked the unit better had they understood it. 
QUESTION 3 


Are there differences between the students under 
the cultural treatment and students under the regular 
treatment in the type and complexity of their spoken 


reaction to their learning in the trigonometry unit? 


The data used to answer this question came from 
an analysis of the tape-recorded answers of students to 
three undirected questions of the form "What have you 
learned by studying this unit on trigonometry?". A 
random sample of respondents was selected from each of 
the four classes to participate in the debriefing. The 
selection was made by drawing student numbers from a 
container. Table 6 indicates the percentage of students 
in each group sample interviewed who referred to the 
categories indicated. 

The solution of right triangles using the methods 
of trigonometry was recalled by students more often than 
any other category, and in particular, the applications to 
real-world problems. No students in the regular classes 
recalled any historical items whereas about 15% of all 
students in the cultural classes recalled specific histori- 
cal problems whose solution involved trigonometric methods. 


Except for the historical items there was no discernible 
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TABLE 6 


COMPARISON OF RESPONSES TO DEBRIEFING AMONG GROUP 


SAMPLES FROM AR, AC, BR, AND BC 


Areas : : 
Tenticied Identifying Areas 
by AR Ne BR 
Respondents (17) (1:2) (7) 
Pythagorean theorem 6 8 14 
Primary trig ratios =e) 50 29 
Trig tables 12 33 14 
F* 59 50 43 
Solutions o£ 
right triangles i mn he ake 
H 0 17 0 
Field work vA if 14 
Graphs / / 0 
TEV ge tSepractica. 
useful, powerful a oe oY 
Trig was interesting, 18 17 14 
easy or "liked" 
Learning nothing 12 25 0 
Trig is useless 
History 0 Le), 0 


Note: Numbers in brackets indicate sample size. 


*F (Factual); A (Applications); H (Historical) 


Percentage of Group Samples 
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relationship between the type of material recalled by 
students and group membership. 

In order to compare the complexity of the responses, 
the mean response weight (MRW) of each of the groups was 
calculated. They are displayed in Table 7. The MRW of AC 
was greater than the MRW of AR and similarly the MRW of BC 
was greater than that of BR. The MRW was also calculated 
for each group and classified according to the achievement 
grade in Mathematics 23 on the last report prior to the 
unit. The classification was arbitrarily set as above or 


below 60%. The resulting data are shown in Table 7. 


TABLE 7 


MEAN RESPONSE WEIGHTS (MRW) BY CLASSES AND 
ACCORDING TO GRADE ON LAST REPORT 


MRW According to Grade 
on Last Report 


Classes MRW < 60 > 60 
AR Bway 3.33 3.54 
AC Syiake! #2 fs) 4.00 
BR Sheqis he) Syacehe) 4.00 
BC 4.55 4.40 ter eS) 


In every class the MRW of students whose last report grade 
was less than or equal to 60%, recalled less information 
or less complex information than students whose last report 


grade was greater than 60%. 
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In response to the debriefing questions students 
often voluntarily expressed their feelings about and 
attitudes toward the trigonometric content of the course 
and/or the unit as a whole. Several students for example, 
suggested that they "liked" the unit, or that it was 
"interesting" or "easy." In groups AR and AC the per- 
centage of students mentioning this was about 17, whereas 
in BR and BC the percentages were 14 and 44 respectively. 
In class BC, 28% of the students specifically referred 
to the unit as "interesting." In groups AR and AC res- 
pectively 12 and 25 percent of the sample interviewed 
stated that they had "learned nothing" or that the unit 
was of little or no value to them. Similar remarks were 
not made in either group BR or BC. About 20% of the 
students interviewed in the cultural classes mentioned the 
historical dimension of the presentation, whereas no 


students in the regular classes mentioned this. 


Teacher Reaction Questionnaire 

The purpose of this questionnaire was to determine 
the teacher's reaction to and evaluation of the instruc- 
tional materials used, the cultural treatment as they 
perceived it, student reaction to the cultural treatment 
and other topics related to the instructional period. 
Following is a summary of the findings: 

1. Concerning the appropriateness of the cultural 


treatment for Mathematics 23 students, one teacher thought 
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the treatment was "a bit heavy historically" but otherwise 
quite appropriate and meaningful, while the other teacher 
was less enthusiastic. 

2. Both teachers observed that students responded 
positively to the cultural treatment. They stated that 
students particularly appreciated the trigonometric prob- 
lems with a local flavor. One of the teachers remarked 
that "the history of trigonometry added a new and inter- 
esting dimension." 

3. Teachers suggested that the cultural treatment 
could be improved by: 

(a) providing more time for the teaching of the 
Unite 

(b) adding more problems of local interest, or 
those indicating the applicability of 
trigonometry to "real-life problems." 

(c) providing a problem set with greater 
variance from easy to difficult. 

4. When asked if they would use any of the ideas 
and materials of the cultural treatment in future lessons 
on trigonometry, both teachers responded in the affirma- 
tive. One teacher planned to employ the ideas and 
materials "particularly"SinoMathematics?! 30tclasses; since, 
it was argued, "these people not only need this type of 
enrichment, but would probably appreciate it." 


5. One teacher remarked concerning the cultural 
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approach: "It is a very refreshing direction to take in 


the teaching of mathematics." 
CHAPTER SUMMARY 


In this chapter two eleventh-grade trigonometry 
classes under the regular and cultural treatments in each 
of two schools were compared with respect to final achieve- 
ment scores on the unit, the type and complexity of stu- 
dent response to their learning, affective outcomes of 
instruction and teacher reaction to the unit. Analysis 
of the data indicated the following conclusions and trends. 

1. There was no significant difference in either 
school between the regular and cultural classes in 
achievement on the trigonometry unit. For both classes 
in school A the unit achievement mean decreased about 82% 
from the corresponding last report mean, whereas a compari- 
son of these two means between the classes in school B 
showed little variance. 

Qe: (a) In both schools students in the cultural 
classes found trigonometry more difficult than did students 
in the regular classes. In school B this difference was 
signiticantvat= thee: 054 level. 

(b) In both schools a higher proportion of 
students in the cultural classes perceived trigonometry 
as being’ useful than°did students* in the regular*classes, 


but in neither school was the difference between the 
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proportions significant. 

(c) Students in the regular classes in school 
A responded more favorably to the questionnaire "interest" 
items than did students in the cultural classes, whereas 
in school B this pattern was reversed. In neither school 
was the difference significant. 

(d) In both schools the proportion of students 
making favorable responses to the "cultural relevance" 
items was higher in the cultural classes than in the 
regular classes, but in neither school was the difference 
Significant. 

3. (a) At least 24% of students in each of the 
four classes stated that what they "liked best" about the 
trigonometry unit was learning that the topic found useful 
application in the solution of real-world problems. In 
school B, 33% of the students in BR stated this as compared 
to 65% in BC. In school A the differences were minimal. 
The historical facet of the cultural treatment was rarely 
identified as a "best liked" characteristic of the unit. 

(b) In school A approximately the same propor- 
tion (.25) of students in both classes stated that their 
failure to understand parts of the unit as well as the 
speed with which the unit was studied was that which they 
especially disliked. These factors were rarely mentioned 
by either class in school B, but about 20% of the students 


in each class in school B suggested that they disliked the 
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problem-solving aspects of the unit. The historical 
dimension was disliked by 10% of students in BC. 

(c) Students in all classes were surprised by 
the relative simplicity and power of trigonometric methods 
to solve practical problems. The proportion of students 
who identified this characteristic was higher in AR than 
in AC, whereas in school B this pattern was reversed. The 
proportion of students who were surprised at their per- 
ceived "success" on the unit was twice as high in the 
regular classes as in the cultural classes. Of the stu- 
dents in AC and BC, 5% and 25% respectively stated that 
the historical aspect of the unit surprised them most. 

(d) Twenty-one percent of students in each of 
the regular classes expressed the view that the unit was 
a waste of time and not of benefit to them whereas almost 
no students from the cultural classes made similar 
remarks. 

4. (a) Concerning the students spoken reaction to 
their learning (debriefing), only students in the cultural 
classes mentioned that they had learned about the history 
of mathematics or historical problems (about twenty per- 
cent of the AC and BC student sample interviewed made 
specific mention of this). Except for the historical 
items there was no discernible relationship between the 
type of material recalled and group membership. 


(b) Of students interviewed, those in the 


76 


aid GA sk daupiA aay, rebates td BekNaoeNne te a Mf 
eit .boerayez Baw mveteet | sini g Toortse ni-esssety .SA ak’ 
-ueq xied3- 36 ‘Beeitqxue sisw ow edasbude ‘Yo. norszogona a 
oft mi dpid es ookwe e5w 3inp\ sat no “spenove”. beviso - | “as 
-yta e493 10 .sezeslo Isweduo edi si es seoteio sekepex” - 
+sid betede ylovisoeqess Fes Bre ae DS bas DA nt hesinaadl . por 


aad 


-320m mart peairyive tiav sit to tosges. Lseoitotatd ons ” ) 

to doss oi, agnebote io tiso3 94 eno-yoaew? (b) out olny 

asw tiny odd tals wetv aris besasigqxs eeaaslo seiepex odd 

seomis ‘phoxariw mont os titonsd, 20 ton bas ombt to svanw 8 
tslimia sbsm eeéesld Lexctido edd mova esnabude eo 

edeamo + 

ot nokiose7 nexoge sanehdte ants pridieotiod (6) «B® i pats i 

fsaution ond ni einobuseryiae ,,(yattetadeb) S teaaiecuis i i 

yrose tit ee : 


ce gene y a 


a ae nh ene il ei 


vee ne a - my 7 he ‘ | ; y, oy a P 7 
a a Wire wee o — 
to Sn’ ioe 


cultural classes had greater mean response weights than 
those in the regular classes and students whose last 
report grade was over 60% had greater mean response 
weights than students whose last report grade was less 
than or equal to 60%. 

5. (a) In response to the debriefing interviews 
17% of students in the AR and AC classes stated that they 
liked the unit, found it interesting, or easy, whereas in 
the BR and BC classes the percentages of students 
Similarly were 14 and 44 respectively. 

(b) In response to the debriefing, 20% of the 
students interviewed in the cultural classes mentioned 
the historical dimension of the instruction, whereas no 
students in the regular classes mentioned this. 

6. (a) Both teachers involved in the study 
remarked that students responded positively to the cul- 
tural approach and particularly to the problems of local 
interest requiring trigonometric solutions. 

(b) One teacher thought that the cultural 
approach was quite appropriate for Mathematics 23 students 
but suggested that the unit as designed may have placed 
too much emphasis on the historical dimension of the topic. 

Analysis of the data reveals considerable varia- 
bility in the results between the two schools. This 


will be discussed in the following chapter. 
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GHARTERCVA 


CONCLUSIONS, DISCUSSION, AND IMPLICATIONS 


Since the introduction of the "new mathematics" 
programs in the early sixties, courses at the secondary 
school level have been characterized by their emphasis 
on the logical structure of the discipline, deductive 
rigor, and the relatively early introduction of abstract 
mathematical systems. As a result of these innovations, 
criticisms were soon directed at some of the modern content 
as well as some of the very things which characterized the 
new programs. Critics believed that undue emphasis on the 
theoretical and structural nature of mathematics was 
inappropriate for most secondary school students and would 
leave them with a distorted and biased view of mathematics. 

Some of the major critics proposed that an entirely 
fresh and more global view of mathematics be taken at the 
secondary level. This view would present mathematics as 
a cultural resource of man, invented by him and for him, 
in order to serve his ends and purposes, whether aesthetic 
or utilitarian. The approach advocated would present 
mathematics as a part of the greater body of all human 
knowledge, and would bring to the classroom not only the 
essential skills, techniques and processes of mathematics, 


but also its reason for being, its genesis, its creators, 
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its evolution, its interrelations with other areas of human 
endeavor, its usefulness, its central role in the histori- 
cal development of societies and its crucial place in the 
modern world of the student. 

Acceptance of the basic tenets of this "cultural 
approach" has been increasing steadily over the last twenty 
years. Recently, many of the characteristics and aims of 
the approach have been advocated by Coleman, Edwards and 
Beltzner (1975) as being desirable and important new 
directions for the teaching of mathematics in the secondary 
schools of Canada. Increased attention, they say, must 
be given to the attainment of the affective goals of mathe- 
matics instruction, long neglected as being of minimal 
importance. 

Those who advocate the cultural approach to mathe- 
matics instruction suggest several benefits which should 
accrue as a result of such an instructional strategy. Most 
of these relate to the affective rather than the cognitive 
goals of mathematics instruction. Advocates suggest that 
if students learn mathematics within a meaningful context 
and come to recognize the central importance of the dis- 
cipline in their lives and their culture, they will come 
to see mathematics as more meaningful, interesting and 
relevant to their existence. Some suggest, rather 
cautiously, that students may, as a consequence of improved 


attitudes toward the subject, be motivated to further 
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study, greater understanding or higher achievement. 


i= THESSTUDY 


The purpose of this study was to investigate the 
efficacy of such an approach to mathematics instruction 
and to investigate the outcomes of instruction. This was 
done by designing a unit of mathematics at the secondary 
school level based on the basic tenets of the "cultural 
model" as outlined in the related literature, preparing 
appropriate instructional materials, teaching the unit in 
a school setting and evaluating the resultant outcomes of 
nS tLuctlon. 

Four Mathematics 23 classes, two from each of two 
Edmonton high schools participated in the study for a 
period of from three to four weeks. Trigonometry was 
selected as the area of study. In each school one teacher 
taught two classes of trigonometry, one from the cultural 
approach and the other from the regular approach. In 
each school the outcomes of instruction between the regular 
and cultural classes were compared relative to students' 
achievement and student and teacher reaction to the unit. 

The analysis of the data obtained in this study 


resulted in the following conclusions. 
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II. CONCLUSIONS 


No significant difference was found in the mean 


achievement scores on the unit between the 


regular and cultural classes. 


(a) 


(b) 


Students in the cultural classes in both 
schools found the trigonometry unit more 
difficult than did students in the regular 
classes. In school B the difference was 
Significant. 

No significant difference was found between 
the questionnaire response scores of stu- 
dents in the cultural Sees and students 
in the regular classes in either school 
with respect to the questionnaire "useful- 
ness" items. In each school however, the 
proportion of students who responded favor- 
ably to the usefulness items was greater 
for the cultural classes than the regular 
classes. In addition, data and responses 
obtained from other evaluative instruments 
used in this study indicated that in each 
school students in the cultural classes had 
a greater awareness of the usefulness of 
trigonometry than did students in the regular 


classes. 
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(d) 


(c) No significant difference was found between 
the questionnaire response scores of stu- 
ents in the cultural classes and students in 
the regular classes in either school with 
respect to the "interest" items. Informa- 
tion and data obtained from other evaluative 
instruments however, indicated that students 
in class BC found their unit of trigonometry 
more "interesting" than did students in BR. 
In school A there was little discernible 
difference between the two group responses. 


(d) No significant difference was found between 


the questionnaire response scores of students 


in the cultural classes and students in the 
regular classes in either school with res- 
pect to the "cultural relevance" items. In 
each school however, the proportion of stu- 
dents making favorable responses to the 
"cultural relevance" items was higher in the 
cultural classes than in the regular 
classes. 

(a) The role, simplicity, and power of trigo- 
nometric methods to solve real-world prob- 
lems was mentioned most often by all groups 
as the facet of the trigonometry unit which 


was "best liked" by students. In each 
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school the proportion of students stating 
this was higher in the cultural classes er 
in the regular classes. Few students in the 
cultural classes suggested that the histori- 
cal dimension of the unit was what they 
"liked best." Ten percent of the students 
in the cultural classes stated that it was 
the historical facet of the unit which they 
especially disliked. 

Students in all classes were surprised 

and impressed by the power of trigonometric 
methods to solve problems of practical 
interest. The proportion of students 
mentioning this was higher in the BC class 
than in the BR class whereas this trend was 
reversed in school A. Relative to the 
historical dimension of the cultural treat- 
ment, one quarter of all students in the BC 
class mentioned this, whereas in the remain- 


ing three classes, it was seldom mentioned. 


From the students' written comments it was noted 
that about one-quarter of the students in each 
of the regular classes expressed the view that 
the unit was a waste of time and not useful or 
relevant to their needs, whereas almost no-one 


in the cultural classes of either school made 
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this comment. 

An analysis of the debriefing responses 

revealed the following: 

(a) Only students in the cultural classes 
recalled historical items. Otherwise there 
was no apparent relationship between the 
type of student response and group member- 
ship. A relatively high proportion of 
students in all class samples interviewed 
specifically referred to the applications 
of trigonometry. 

(b) In each of the two schools, students in 
the cultural class sample recalled more 
information or more complex information 
than did students in the regular class 
sample, and those whose last report grade 
was above 60% recalled more than those 
students whose last report grade was less 
than or equal to 60%. 

(c) An equal proportion of students in each 
of the classes in school A liked the 
trigonometry unit or found it interesting. 
In school B however, the proportion of 
students in the cultural class who found 
the unit interesting was three times as 


great as the proportion in the regular 
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class. 

6. Both teachers involved in the study stated that 
student response to the cultural approach was 
positive. They suggested further that the 
approach could be improved by reducing the 
historical content of the treatment and adding 
carefully graded real-world applications of 
trigonometry. 

The opinions of the participating instruc- 
tors relative to the appropriateness of this 
approach to mathematics instruction in general 
and to Mathematics 23 trigonometry in particu- 


lar varied considerably. 


Concluding Remarks 


Students in the cultural classes indicated a more 
positive attitude toward the trigonometry unit than did 
students in the regular classes. Compared to the cultural 
classes, a relatively high proportion of students in the 
regular classes implied or specifically stated that they 
found the unit a waste of time, useless, or irrelevant 
to their needs. Analysis of the data also indicated 
that students in the cultural classes perceived trigo- 
nometry as being more useful and applicable to their needs 
and those of society than did students in the regular 


classes. 
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ELT oe DISCUSSION 


Differences in the outcomes of instruction 


between the two schools may be attributed to external 


time constraints and/or the effect of the teacher variable. 


The in-school instructional period agreed upon by both 
teachers involved in the study was four weeks. Because 
of various external constraints however, the instructional 
period in school A was reduced to three weeks. The 
prevailing student attitude seemed to be that they came 
out of one pressure situation and into another. Analysis 
of the student questionnaires for school A indicated 

that the students felt they were under considerable 
pressure to complete the unit at all cost. This was 
evidenced by their questionnaire response indicating that 
25% of all students in school A disliked the speed at 
which the unit was studied, which in their opinion did 
not allow sufficient time for adequate learning. The 
fact that the mean achievement scores of both classes 

in school A dropped 8% from the last report grade mean 
seems to substantiate this concern. In this context 
then, the additional information and materials which 

made up the cultural treatment may have been seen by 
students in the cultural class as contributing to their 


frustration. 


Another factor which may have had a significant 
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effect on the outcomes of the investigation was the teacher 
variable. The study was designed to allow for individual 
differences in classroom style between the participating 
teachers. The instructor's philosophical view of 
mathematics and the nature of mathematics, as well as 
his philosophy of mathematics education appeared to be 
a Significant factor affecting the outcomes of instruc- 
tion under the cultural treatment. Unless a teacher is 
sympathetic to the broader view of mathematics as well 
as the educational aims of those who advocate the 
eCumturalsappLroach,, ne wilieno doubt tindsiteditticure 
to pursue a course of action in the classroom which 
violates his own existing philosophical and psychological 
stances relating to mathematics and mathematics education. 
Concerning the significance of the teacher variable in 
curriculum reform, Griffiths and Howson (1974, p. 62) 
have stated: "no change in practice, no change in the 
curriculum, has any meaning unless the teacher under- 
stands it and accepts it." 

In any event, the teacher and the students in 
school A reacted ina less favorable manner to the 


cultural treatment than did those in school B. 


Student Achievement 
No significant difference was found in the mean 


achievement scores between the cultural and regular 
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classes in either of the schools. Both classes in a 
given school studied the same mathematical content over 
an equal period of class-time. Since a considerable 
amount of time was taken up in the pursuit of non-content 
objectives, the fact that the mean achievement scores of 
the cultural classes were not significantly lower than 
the mean achievement scores of the regular classes can 

be considered as somewhat of a plus for the cultural 


treatment. 


Affective Outcomes 


(aymUrtEtcultyeitems: 


Students in the cultural classes found the 


trigonometry unit more difficult than students in the 


regular classes and in school B the difference was signifi- 


cant. Since students in the cultural classes were not 
tested on the historical aspects of the treatment it 
seems unlikely that they found the overall approach 
"difficult." What seems more likely is that the "applica- 
tions" dimension of the cultural approach was the cause 
of their comparatively unfavorable response to the 
questionnaire "difficulty" items. 

The problems prepared for the cultural classes 
were of necessity more "wordy" than their counterparts 


in the regular classes. This required that students 
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extract the essential information and decide upon the 
appropriate mathematical model to solve the problem. 

The worksheets were designed so that the problems assigned 
the regular and cultural treatments were equivalent in 

the sense that they required the same mathematical methods 
and model for solution. The problems presented for 
solution to the cultural classes contained considerably 
more Of what Skemp (1973, p. 29) referred to as "noise," 
and he points out that the greater the noise the greater 


is the difficulty of the mathematical task. 


(b) Usefulness Items: 


Even though the differences between the proportion 
of students favoring the usefulness items on the question- 
naire were not significant between the regular and cultural 
classes in each school, a greater proportion of respondents 
in the cultural classes favored these items than did the 
regular classes. Other data substantiate this finding. 
Since the "usefulness" of trigonometry was learned through 
the problems solved by the students, a perusal of student 
response to this facet of their instruction gives an 
indication of their feelings regarding the usefulness of 
tne topic... In school, B the proportion of students) in the 
cultural class who "liked best" the applications of | 
trigonometry to real-world problems was double the propor- 


tion in the regular classes. Similarly, a greater 
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proportion of students in the cultural classes of school B 
were "surprised" at the simplicity and power of trigo- 

nometry than were those in the regular classes. A similar 
feeling was evidenced by student response in the "comment" 
section of the questionnaire. In school A the trends were 


less well defined. 


(c) Interest Items: 

Students in AR responded more favorably to the 
interest items than did students in AC, whereas in school 
B no discernible relationship was found between response 
to the interest items and group membership. In neither 
school was the difference significant. As a result of 
the debriefing however, 44% of the BC sample interviewed 
specifically stated that they "enjoyed," "liked," or 
found the unit "interesting." This compares with only 
14% of the BR sample interviewed who made similar remarks. 
In school A an equal percentage (17) in each class 


referred to the unit in this manner. 


(ad) Cultural Relevance Items: 

In both schools the proportion of students making 
favorable responses to the "cultural relevance items" was 
higher in the cultural classes than in the regular classes, 
but in neither school was the difference significant. A 
small proportion of students in BC remarked that they 


particularly disliked the historical “aspect of the unit. 
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In both cultural classes students indicated that the 
historical dimension surprised them. Almost no students 
in the cultural classes suggested that the historical 
dimension of the unit was that which they liked best. It 
seems then that the overall reaction of the cultural 
classes to the historical aspects of the unit was one of 
surprise. 

By way of summary, students in the cultural classes 
found the unit more difficult than did students in the 
regular classes. Positive trends in favor of the cultural 
treatment were apparent however, by comparing the reactions 
and responses of students in both the "usefulness" and 
the "cultural relevance" items. Response to the interest 
items indicated considerable variance between the two 


schools and classes. 


Type and Complexity of Students' Spoken 


Reaction to their Learning 


The debriefing interviews placed the responsibility 
on the student to assess what he had learned. It required 
students to state in their own words what they had learned 
and provided the researcher with an indication of the type 
of information which the student thought worthy of recall. 
Students in all classes made specific mention of the power 
and simplicity of trigonometric methods to solve seemingly 
difficult problems. Fifteen percent of the student sample 


interviewed in the cultural classes mentioned that they had 
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learned about the history of trigonometry whereas no one 
in the regular classes made this observation. Except for 
this category however, little discernible relationship was 
found between the type of response and group membership. 
Students in the cultural classes recalled more 
information or more complex information than did students 
in the regular classes. According to Wittrock (1974, 
pp. 184-195), thematically organized structures of know- 
ledge facilitate retention and especially if the structures 
are learner generated. Modern mathematics programs 
Organize the learning around the hierarchical structure 
of the discipline. It is possible that an historical 
framework could also provide a structure upon which stu- 
dents could attach and relate their learning. Freudenthal 
(1973, pp. 74-76) has stated that "connected matter is 
faster learned and longer retained," but suggests that 
there are other connections besides the structural connec- 
tions within the discipline. He believes that "reality 
is the framework to which mathematics attaches itself... 
and that for the non-mathematician, the relation with the 
lived-through reality of the learner" provides essential 
and meaningful connections between mathematics and the 
outside world. These connections, he claims, aid in under- 
standing, meaning and retention of the mathematics learned. 
The cultural approach attempted to emphasize the outside 


connections of trigonometry with the real-world environment 
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of the learner. 


Teacher Reaction to the Unit 

Earlier in the chapter the significance of the 
teacher variable in this study was discussed. Only one 
additional item is discussed here. One teacher suggested 
that the cultural treatment was a "bit heavy historically." 
This may reflect an opinion based on the reaction of the 
students to the historical parts of the cultural treatment 
or it may indicate a degree of anxiety on the part of the 
instructor concerning his own knowledge and competence in 
the area of the history of mathematics. Cooney, Henderson 
and Davis (1975, p. 116) have observed that teachers of 
mathematics tend to ignore the historical dimension of 
the subject because they know mathematics better than they 


know the history of mathematics. 
LV. sLMPLICATIONS 


Teachers 

This study has shown that it is quite possible for 
a practicing secondary school teacher to design a unit of 
mathematics from a cultural perspective, to assemble and 
prepare appropriate classroom support materials and to 
successfully teach the unit in a classroom situation. Con- 
siderable time and effort is required to do the necessary 
research and assemble materials, but the rewards for both 


the teacher and the students are substantial. 


en prasieic: Peis St 

an 

ey id! ox a : 

ay! peor ie 

 yopeenesaame weed sid 8. , aae | eaatoens Iswstuo ond +66 ‘ | 

efit to aottosan, otis ne bones nozata ne ao0lte2 ‘em een 

titomisett Dexw3li oft to esa8a feoirotain ads OF | 
eis %0 Ja8@ Sx4 ao teins +0. seivsb 6 eteoibat ve Spe 

nk gonftaqmoo- bas apbetwoar two aii pabelehanale 7 a : 
a ; 


noRITeshAWeH <Yanoos -aoisemedaam to yroterd ora ia sexe ‘sft | 
>) aie 


to exuarosss te507 bevreedo even (ots -y ever) aoven Se 
Yo fotensmib {sotzoseti orld, sages oy ae voldemodgan a 


yous nett tedded sotstemedtem woas yeds onus 4 santana of yc 
-eoitementem 20 csienlied ad . | 


' — 


_ quovraonramr anys: wee 


wot oldiseoqg Sdtup et ais ast “rior ni ene 8 


to diay 6 aelesb oF eH come | 
‘ij ete es Pi fr vel ee Ta) 
dad BC C alei I . ¢ : to at 4 


anangee ? ae Bos . 


is ‘irc 
ee ~ 


This study has shown too that students can come 
to appreciate the power and simplicity of mathematics as 
a problem solving tool through considering problems that 
are meaningful to them or important to the efficient 
Operation of society. 

This study has indicated that the joint pursuit of 
the affective and cognitive goals of mathematics education 


does not jeopardize the achievement of the cognitive goals. 


Teacher Education 

In order for teachers to teach mathematics from 
the cultural approach in anything but a cursory fashion, 
their mathematical knowledge must be much broader than ft 
presently is. This knowledge can be gained through the 
reading of appropriate books or by taking university 
courses in the history of mathematics. Coleman, Edwards 
and Beltzner (1975, pp. 102-103) have suggested that 
universities should offer "Cultural Mathematics" courses 
and give university credit for their completion. The 
goals of the courses would be to create interest in mathe- 
matics, shape basic attitudes, and provide for a broader 
view of the nature and role of mathematics in society. 
May (1971, pp 99-103)™has Tong “insisted *that mathematics 
teachers must know the history of mathematics, the origins 
of mathematical topics and its role in the scheme of 
things. sulnuparticular nesstaress that LCeLSsenoe SULCAGCIeEnt 


to know mathematics, the teacher must also know about 
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mathematics. 


Further Research 

The results of this study are not generalizable 
beyond the population of Mathematics 23 students of 
trigonometry. The results of this study however, suggest 
several related areas for possible research. 

One of the teachers involved in this study 
suggested that the ideas used and materials developed for 
the cultural treatment might have been more appropriate 
for Mathematics 30 trigonometry classes. One obvious 
suggestion then, would be to teach the Mathematics 30 unit 
on trigonometry from a cultural approach, and to compare 
the resultant outcomes with a regular Mathematics 30 class 
in the same school. 

Studies similar to this could be conducted using 
other mathematics topics such as probability, geometry, 
algebra, the conics, or calculus, to determine the 
feasibility of such an approach using these typical 
secondary school mathematics topics. 

Freudenthal (1973, p. 77) believes that 

Children can, learn; all you want.) it iseanother 
fact that they can forget it just as completely. 

A teaching experiment is irrelevant if it does not 
tell how deeply the taught material has settled, 
Ande hOwslong 1t remains active. |The depth of 
settling is nothing else than the connectedness 

of lived-through reality, and its persistence can 


be guaranteed by the strength of these reactions. 


Since the cultural approach attempts to establish 
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relationships between mathematics and the real world, an 
interesting area of investigation would involve the study 
of the effect of the cultural treatment on retention. 

The researcher is aware of the difficulty of 
adequately quantifying and measuring outcomes in the 
affective domain. In order to measure more precisely 
such outcomes it is suggested that the necessary and 
appropriate measuring instruments be well researched, 
designed and adequately tested. 

It is also important that the teachers involved 
in the study have more than a cursory understanding of 
the aims, characteristics, intents and intended outcomes 
of the treatment. This can be assured only through 
adequate prior two-way communication between the researcher 


and the teacher. 


Advantages and Disadvantages of the Design 


Advantages. Ina feasibility study such as this 
it is not necessary or desirable to strictly control all 
of the variables such as class selection, teacher instruc- 
tional style, and test design and grading. The objective 
was to permit the participating teachers and students to 
proceed in as usual a fashion as possible so that any 
differences in the attainment of the cognitive and affec- 
tive goals would result from the effect of the instruc— 


tional content. 
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Disadvantages. As a statistical study, even 
though the data were analysed to reveal significant differ- 
ences and/or trends, the lack of controls on several 
variables leads one to be cautious with respect to 


conclusions. 
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HISTORICAL ORIGINS AND EVOLUTION OF TRIGONOMETRY 


1900 - 1600 BC - Mesopotamia 

The ancient Babylonians had a number system based ore6O (sexagesimal 
measure), and used it extensively in their study of astronomy, We can 
attribute the eventual adoption of the degree, minute and second to this 
fact. It is interesting to note that an ancient Babylonian clay tablet, 
referred to as Plimpton 322 exhibits a table of squares of ratios of sides 
of right triangles. Modern scholars have shown that this tablet has essentially 
a table of eece @ for 45°40 £31°. We must not assume however, that the 
Babylonians were familiar with our secant concept, since they did not introduce 
an angular measure in the modern sense. 

The Pythagorean Theorem whose discovery and proof is usually attributed to 
the Greek mathematician Pythagorus, plays an important role in trigonometry. 


Tablets from the Old Babylonian period show that the theorem was widely used. 


1650 BC - Egypt 

In 1858 a tourist purchased a 1' x 18' papyrus scroll from a Nile resort 
town. It turned out to be the most extensive mathematical document of ancient 
Egypt. It was copied by a scribenamed Ahmes who states that the material 
was derived from a prototype of about 2000 BC. It is possible that the 
knowledge may have been handed down from Imhotep, the almost legendary 
architect and physician to the Pharaoh Zoser, who supervised the buidding of his 
pyramid about 3000 BC. 

Problem 56 of this document, called the Rhind Papyrus, is of special 
interest in that it contains the rudiments of trigonometry and a thecry of 
similar triangles. In the construction of the pyramids it had been essential 
to maintain a uniform slope for the faces and it may have been this concern 
that led the Egyptians to introduce a concept equivalent to the cotangent of an 
angle, ie. the reciprocal of the ratio of the ‘rise’ to the 'run'. The 
knowledge in extant Egyptian papyri is mostly practical in nature, and calculation 
was the chief element in the questions. It appears that Egyptian mathematics 


may have stagnated for a period of some 2000 years after a rather auspicious 


beginning. 
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EGYPT fl 
ARENA OF GREEK MATHEMATICS 

Places linked with mathematical 
luminaries of ancient Greece are 
going from west to east. Syracuse 
(Archimedes), Elea (Aeno), Crotona 
(Pythagoras) Miletus (Thales) and 
Alexandria (Euclid, Apollonius 


Hypatia, Eratosthenes, Hipparchus, 
Claudius Ptolemy, Heron) 


300 BC - 200 AD GREEK TRIGONOMETRY 


When the centre of Greek civilization moved to Alexandria, Greeks came 
in close contact with the Egyptians and the Babylonians, and hence the 
wealth of astronomical observations made by them became more accessibie. 
During this ‘Alexandrian period’ and under the reign of the Ptolemys, great 
encouragement was given to intellectual endeavour. Among these were the 
constructing of a great home for scholars, called the Museum, and the 


equipping of a famous library. Such great men as Euclid, Archimedes, Claudius 


Ptolemy, Aristarchus Appolonius, Hipparchus, Diophantus, Heron and Eratosthenes 


all laboured out of Alexandria! For an excellent reference on ancient 
Alexandria,see "City of the Stargazers" by Kenneth Heuer. 

Astronomy became a science at Alexandria, and under the studies of 
primarily two men: Hipparchus (150 BC) and Claudius Ptolemy (150 AD). The 
mathematical basis that Hipparchus and Ptolemy created for their work is 
today known as trigonometry. 

Hipparchus was probably the most eminent astronomer of antiquity. He 
introduced into Greece the division of a circle into 360°, and is known toa 
have advocated Teeny: positions on the earth by latitude and longitude. 
Hipparchus has been credited with a 12 book treatise dealing with the 


construction of a ‘table of chords’. These tables are essentially a table of 
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sines, the first trigonometric tables. Evidence shows that Hipparchus, 
called the "Father of Trigonometry" made systematic use of his tables to find 
the straight line distances across the heavens. Though his writings have 
been lost, he is reported to have catalogued 850 fixed stars. 

Claudius Ptolemy (150 AD) wrote several works which were encyclopedic 
in nature. His thirteen volume work on astronomy called the "Almagest" 
(the greatest) by his successors remained the standard of excellence in 
astronomy until the time of Copernicus 1000 years laterf! Even though much of 
his work was similar to that of Hipparchus, most of his work remains today. 
Ptolemy gives us a ‘table of chords' which essentially yields the sines of angles 
between 0° and 90° by 15' intervals. He was able to catalog 1022 stars. 
Ptolemy was also a great geographer. He wrote eight books that deal 
primarily with mapping the known world by latitudes and longitudes (a first). 
Ptolemy stated: 
"I know that I am mortal and ephemeral, but when I scan the multitudinous 
circling spirals of the stars, no longer do I touch earth with my feet, 
but sit with Zeus himself, and take my fill of the ambrosial food of the 
gods". | 

Heron of Alexandria (100 AD) is probably best known for the formula 
A =\/s(s—a) (s-b) (s-c) » where A is the area of a triangle whose sides a,b,c, 
are known. It is apparent that in order to utilize this formula, the knowledge 


of an algorithm to evaluate the square root is required. Heron proposed an 
iterative procedure which has since been credited to Newton, Heron was a 
cleyer mathematician-engineer and did much to furnish a scientific foundation 
for engineering and land surveying. He invented and described applications 

of an ancient form of surveyors transit (theodolite). Heron startled his 
colleagues with a display of the power of trigonometry when he showed them how 
to dig a tunnel under a mountain by starting at both ends at once and having 


the two borings meet each other. 


500 AD; INDIA 
The birth of the sine function is credited to Hindu astronomers by 
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their use of the half chord. The - 
work of Aryabhata (born in 476 AD) 
contain tables relating to half 

@ chord(or half an arc) and 

half of its central angle. They . 
had in effect calculated the 
coordinates of points on the 

unit circle corresponding 

to each degree of the circle. 

It appears that the fundamental 
ideas of the modern circular 
function is contained in these 


works. The ingenious methods 


used by the Hindus to calculate 
the half chords are related in 


Sawyers’ book, "A Search for Pattern" (1970), 


800 - 1OOOAD; ARABIA 
Abu'l Wefa (940-998) provided a table of tangents and used all six of the 


common trigonometric functions. These results were derived from the unit circle 


and recorded in sexagesimal measure, even though the Arabs worked their 
arithmetic in decimal notation. By the time the Arabic documents reached 
Europe, the subject matter of trigonometry was better organized with proofs 
given for the half-angle, double angle, and other theorems Gradually 


decimals began to replace sexagesimals in the trig tables. 


1400 - 1500 AD; EUROPE 


It is apparent that astronomy has long contributed to the development 


of mathematics, in fact at one time the name 'mathematics' meant an astronomer. 


the focus of activity in astronomy moved to Europe so also did the evolution 
of trigonometry. The computation of tables and the discovery of functional 
relations between parts, of triangles was continued in the West, 

Rheticus (1514-1576) spent twelve years with hired computers compiling 
10 place trigonometry tables of all six trig functions, He was the ters Gato 


define the trig functions using ratios of the sides of right triangles instead 
of the arc length or chord length of circles. 
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Francois Vieta (1540-1603) was the greatest French mathematician of the 
16th century. He developed methods for solving plane and spherical triangles. 
with the aid of all six trig functions. He obtained expressions for cos n@ 
as a function of cos @. In addition Vieta observed that a trig ratio could be 
used to solve an algebraic equation, i.e., a series of numbers in a trig table 
could represent successive values taken on by a variable. This led to the 
trigonometric equation y = sin x and the modern functional idea. The transition 
to analytic trigonometry then was stimulated by Vieta who applied algebra 
and symbolism to trigonometry. He did much to convert trigonometry into a 
branch of pure mathematics. Trigonometric identities of various sorts were 
appearing about this time in all parts of Eurpoe, resulting in reduced 
emphasis on computation in the solution of triangles and more on analytical 
functional relationships. It was during this time that the name trigonometry 
came to be attached to the subject. 

Descartes (1596-1650). The scope of trigonometry became even broader when 
Descartes invented the new graphing techniques based on a rectangular coordinate 
system. Now each curve possessed its own equation and vice versa, The associa- 
tion of equation and curve was a new concept that revolutionized mathematics. 
Thus, an equation like y = sin x, could now be accurately graphed point by 
point to create a unique curve. By 1635, the first graph of half an arch of 
the sine curve had been drawn. Soon after, trigonometric functions were 
defined for real values of the independent variable. 

Through the works-of such men as John Wallis (1616-1703) Isaac Newton 
(1642-1727), Johann Bernoulli (1667-1748), and Leonhard Euler (1707-1783), 
trigonometry became involved in new theoretical developments due to the 
invention of the calculus. By the end of the 18th century Euler and others 


had exhibited all the theorems of trigonometry as corrollaries of complex 


function theory. 


HISTORICAL SUMMARY 

Trigonometry grew out of the practical needs and interests of Greek 
astronomers, where a conception of planets moving in circular orbits developed 
a need for determining the lengths of chords sf circles if one knew the length 
of the corresponding ar¢s. Hindu mathematicians of about 500 AD saw greater 
utility in tables of half-chords and not only computed them but gave us the 


word "sine". As time went on more abstract and general definitions were given 
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to the trig functions, definitions that did not depend on the notions of angles, 


triangles or even necessarily on circles or arcs, It is a significant fact of 


the evolution of mathematics in general andtrigonometry in particular that the 


more abstract and general definitions are the ones that particularly stress the 


uER ES’ 


special properties of the trigonometric functions, among wnich is the particularly 


important property of periodicity. 


UBIQUITOUS TRIGONOMETRY 


Trigonometry has gained for itself a permanent position in the world of 


mathematics because of two seemingly unrelated components or characteristics. 


a. 


be 


its power as a tool for spacial mensuration, and 


its power as a precise mathematical model for situations which are 


periodic. 


A. Measurement 


lie 


Astronomy : 

Trigonometric methods are used to calculate: 

- the diameter of the sun, moon and earth 

- the distance of the earth from other planets 

- the distance between stars and planets 

- the distance between cities on the earth 

Navigation: 

The techniques of mensurational trigonometry find application in: 

- plotting and maintaining flight plans of aircraft 

- charting and maintaining the courses of ships 

Surveying: 

The tools of trigonometry enable man to: 

- define very accurately the property lines of lots, farms, towns, 
cities, provinces and nations. 

- lay out streets, sewers and street lights for communities 

~ construct highways, railroads, bridges and tunnels 

- calculate the height, width or depth of inaccessible objects 


- calculate using indirect methods, areas and volumes 
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4. Engineering and Technology: 
Trigonometry finds application in engineering and technology in a 
thousand different ways. A few are listed below: 
- to evaluate the strength of building materials 
- to evaluate the stresses and strains on all types of structural 
components 


- to calculate forces, friction and torque. 


5. Other: 
- carpenters, electricians, tinsmiths and stone masons use varying 


amounts of elementary trigonometry. 


In light of the various applications of trigonometry as a science of 
measurement, it appears that Plato was correct when he stated: 


“The world can be made intelligible in terms of right triangles." 


Periodicity 
A.N. Whitehead (1964) observed: 


"the whole life of Nature is dominated by the existence of periodic 
events, that is, by the existence of successive events so analogous to 
each other ... that they may be termed recurrences of the same event." 
The following examples of oscillatory (periodic) quantities from the 
physical, biological and social sciences as well as economics find 


their precise mathematical model in trigonometry. 


1. Physical Science: 
- vibrating strings (any stringed instrument) 
- vibrating membranes (drums) 
- vibrating air columns (organs) 
- vibrating springs (clocks and watches 
- sonar, radar, microwaves 
- sound, light and water waves 
- heat transfer (thermodynamics) 
- alternating electric current (A.C.) 
- oscillating pendulums and bobs 


- motion of a piston within a cylinder 
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The following natural phenomena result from the periodic nature of 

our solar system: 

- tides 

- phases of the moon 

- successive days, seasons and years 

- predictability of the orbits and relative positions of the earth, 
moon, sun, planets and stars. 

Biological Science: | 

Our bodily life is essentially periodic. It is dominated by the beatings 

of the heart, and the recurrence of breathing. Even plant life obeys 

recursive laws, laws which are determined primarily by the periodic 

nature of the "night-day" and seasonal occurrences. 

Economics: 

Economic activity seems to run in cycles. Economists refer to 

periods of expansion, retrenchment, recession and recovery. 

In light of these many examples the following remark by Whitehead (1964) 

seems appropriate: 

"It is evident that one of the first steps to make mathematics a fit 

instrument for the investigation of Nature is that it should be able 

to express the essential periodicity of things." 


Trigonometry provides such an instrument! 
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C. Graphs that Illustrate the Periodic Nature of Certain Natural Phenomena - 


Hourly temperatures in city of Edmonton from noon July 2, 1975 
to noon July 3, 1975. 
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| _TIME IN HOURS 


A Source of Data: 
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is Atmospheric Environment Service 


Edmonton Industrial Airport 


Average Temperature in city of Edmonton October 1974 to 


ca October 1975. 
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Atmospheric Environment Service 
International Airport 


Edmonton, Alberta 
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Height of water on tide staff, feet 


Graph of the 
Normal Heartbeat 
of a thirteen year 
old boy 


Height of water 
at Boston Harbor 


for a twenty four 


hour period 
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High water 
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This graph shows the height of water at 
Boston Harbor measured every half hour for a 24-hour 


period, April 1, 1922. (After H. A. Marmer.) 
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PERMAPAPER’ NO. 651-40 


The moon's changing declination influences 


A. Equatorial tides 
September 23 Septernber 24 
M. 6 12 6 6 12 6 


ees 


June 27 
B. Tropic tides 


Changes ir the moon's declination are re- 
flected in these tide curves. (After Rude.) 
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Regular Pattern of the 
sound of a trumpet 
produced on a oscilloscope 


screen 


The Business Cycle 
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APPENDIX 2 


PROJECTUAL MASTERS 
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BABYLONIAN CLAY TABLET INDICATING A KNOWLEDGE OF THE 
PYTHAGOREAN THEOREM (1000 B.C. ?) 


IN THIS TABLET A SQUARE AND ITS DIAGONALS ARE REPRESENTED. 
THE SIDE IS GIVEN AS 30, AND THE LENGTH OF THE DIAGONAL AS 
G7, 203): 
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PRACTICAL EGYPTIAN MATHEMATICS 


FOR FARMERS, SURVEYORS AND PYRAMID BUILDERS 
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PART OF 3000 YEAR-OLD EGYPTIAN MURAL, 


INDICATES USE 0 


F A ROPE DIVIDED INTO 


I2 EQUAL LENGTHS IN ORDER TO FORM A 


RIGHT ANGLE. 
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PYTHAGORAS AND THE PYTHAGOREANS 
(550 B.C. ) 


ns 


THE PENTAGRAM 


- outstanding Greek mathematician and mystic 

- travelled in Egypt, India and Babylon where he no doubt learned 
much mathematics 

- founded a school and brotherhood in southern Italy know as 
"the Order of Pythagoreans" 

- asemireligious cult developed which became very secretive and 
mystical 

- Pythagoras is given credit for the proof of the "Pythagorean Theorem" 
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PYTHAGORAS AND HIS THEOREM 


A TEST OF BELLS AND WATER 
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PROOFS OF THE THEOREM FROM SIX 
DIFFERENT CULTURES 


Pythagoras discovered 
the underlying mathe- 
matics of the musical 
‘scale. 


| CHOU PEI ! 
Contemporary of Pythagoras | 
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HIPPARCHUS - 150 B.C, 


Early astronomer, Hipparchus, 
in observatory at Alexandria. 


- outstanding Greek astronomer 

- worked in Alexandria, northern Egypt 
- called the "Father of Trigonometry" 

- wrote several books on astronomy 

- none exist today 


- Catalogued over 890 stars 


Note: 


Trigonometry began as a response to the practical needs of astronomers, 
the need to measure the universe and the distance between the stars. At 
one time "mathematics" meant "astronomer". 
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EINES BEEN ~ 130° AD 


ME Sane. Oe, 
’ Rees, pee 


Cie 


peg hiee (ates. a ata bg: Ve wee: 

- great Greek astronomer from Alexandria 

- built upon the work of Hipparchus 

- wrote several large treatises on astronomy, most of which exist today 
- his works were unparalleled for 1000 years (until Copernicus) 

- catalogued over |000 stars 
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EVOLUTION OF TRIGONOMETRIC TABLES AND 
METHODS OF CALCULATION 
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EGYPT a 20005BsCs.; ; 
- used a ratio of "run:rise" (the reciprocal of aoe 
tangent ratio) in reference to the ''s lope" of 


the sides of the pyramids. 
i iO run Runt 
iS ae 
sat rise - ~ 


HIPPARCHUS - 150B.C. 
- Greek astronomer of Alexandria re 
- devised the first known table of sines - record lost 


PTOLEMY - 150 A:D. 
~ Greek astronomer of Alexandria 
- first recorded table of sines 


RHELICUS mee 5505 ASD: 
- A European: spent l2 years with hired (human) calculators 


compiling 10 place trigonometric tables. 


TODAY - slide rules 
- pocket calculators 
- computers 


Note - evolution of calculating devices from hand to mechanical to 
electronic. - compare calculation time and accuracy. 
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THE WELLOF = ¥z 
ERATOSTHENES "= 
- at Aswan on ee ee 
the Nile. Par oomnate 
Satyr: 


=a : Dee er: gee ee Ant ee Sak eg NG NE cs OS 
a Ee mabe Ce ee oo eg aee fe S Caer 
ERATOSTHENES (230 B.C.) 
- athlete, poet 


- astronomer, geographer 
- librarian at Museum of 
Alexandria 
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THE ALEXANDRIAN OBELISK 
- now in New York City. 
Probably used by Eratosthenes 
to measure the earth. 
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|. Find the radius of the earth (remember Eratosthenes 
meas ured the circumference). 


2. Since C and D are points on the earth it was possible 
to find the distance between them, and hence angle CAD. How? 


3. Use trigonometry to find AB. 


4. What is the distance from the surface of the earth to the 
s urface of the moon? 
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GROSS WEIGHT (LOADED) - 365 tons 


CLIMB RATE - requires 40 minutes at 300 mph to reach cruise 
aititude of 31, 000 feet 


CRUISE INFORMATION - maximum altitude - 43, 000 feet 
- maximum nonstop distance - 6,000 miles 


DESCENT - from 3], 000 feet reauires 100 nautical miles and 16 minutes 


FUEL CONSUMPTION - 25, 000 Ibs/hour, climb or cruise 
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- built along the Nile by Egyptian Kings as personal tombs and permanent 
memorials 

- some are 4, 000 years old 

- largest are 400 feet high 

- indicate exceptional engineering and mathematical skill on part of Egyptians 

- required up to 30 years to construct 

- well preserved because of dry climate 


A pyramid under construction, showing the supply ramp 


top of foothold embankments provide a working the only part of the pyramid not concealed 
platform about - ST 7—.-., — by the ramp or the foothold embankments 


40 feet wide 
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LESSON 1 


PURPOSE: 


To introduce the topic of trigonometry and to review 
some of the necessary prerequisite mathematics. 


OBJECTIVES: 

At the conclusion of the lesson the students will be 
able to: 

1. -state the two primary areas of application of 


trigonometry. 


2. -state the Pythagorean theorem and solve elementary 
problems involving its use. 

*3. -indicate the nature of the Pythagorean school and 
the major mathematical contribution made by 
Pythagoras. 

4. -demonstrate that in similar right triangles, the 
ratio of corresponding sides is equal. 
LESSON OUTLINE AND CLASSROOM PROCEDURE 
INTRODUCTION: 
1. Brief introduction to the topic stressing the two 


major areas where trigonometric methods find appli- 
cation in the real world namely, measurement and 
periodicity. 


a. Measurement: 


- navigation; air and sea 

- surveying, engineering (give examples) 

- astronomy 

*astronomy: give a brief (2-4 min.) talk on 
the contributions of Hipparchus and Ptolemy 
to the origins of trigonometry. See attached 
summary for their major contributions. Use 
overhead projectuals numbered T6 and T7. 


b. Periodicity: 


Trigonometry provides the mathematical model 
for most periodic events in our world. 
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- vibrating objects (springs, air columns, 
strings, membranes) 

- all wave motion, including electricity, 
sound, water, light 

- sonar, radar, short wave 

- motion of a piston in a cylinder 

- heartbeats, tides 


2. Summary - because of its obvious usefulness, trigo- 
nometry is an important part of mathematics and 
worthy of study. The word trigonometry comes from 
three Greek words: tri - three, gonia - angle, and 
metria - measurement. Trigonometry is initially, 
the study of the relationships between the sides 
and angles of triangles. 


REVIEW OF THE PYTHAGOREAN THEOREM 


Since the study of trigonometry involves right triangles 
we begin by briefly reviewing the Pythagorean Theorem. 


i ey thagorean Theorem: 


a. Verbal statement of the theorem. 
b. Diagrammatic representation of the theorem. 
c. Algebraic equation. 


*Pythagoras and His School: give a brief (3-5 min.) 
talk on the history of what is now called the 
Pythagorean theorem, as well as the role played by 
Pythagoras and his school in the proof of the 
theorem. See attached summary and use projectuals 
numbered Tl and T5. 


2. Example Problems on the Pythagorean Theorem 


Hand out worksheet 1 and do the first example on the 
assignment sheet with the class. 


RATIOS OF CORRESPONDING SIDES IN SIMILAR RIGHT TRIANGLES 


1. Introduction: In a given right triangle, if we know two 
sides we can find the other side. The questions we wish 
to ask now are (a) if we know two sides can we find the 
angles and (b) if we know a side and an angle can we 
find the other sides? These are questions that we 
answer in the study of trigonometry. 


2. Necessary Terminology: 


a. Relative to a given angle students must be able to 
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3. In-Class Worksheet on Ratios of Corresponding Sides in 


identify the side opposite the given angle, the 
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Side adjacent to the given angle, and the hypotenuse. 


Illustrate by blackboard examples. 


Brief drill using 3 blackboard examples to identify 


the opposite, adjacent and hypotenuse relative to 
a certain angle. 


Similar Triangles: 


Explain the chart and what is required. Do the calcu- 
lations for row 1 of the chart. Leave radicals 
unevaluated. 


4. Assignment: 


Complete all questions on Worksheet l. 


NOTES ON HIPPARCHUS AND PTOLEMY 


HiLPPARCHUS (= 15003 '..C. 


- outstanding Greek astronomer 
- worked in Alexandra, northern Egypt 
- called the "Father of Trigonometry" 


- wrote 


several books on astronomy - none exist today 


- catalogued over 800 stars 


PTOLEMY 


—- great 
- built 
- wrote 

which 


=P 0 AD 


Greek astronomer from Alexandria 

upon the work of Hipparchus 

several large treatises on astronomy, most of 
exist today j 


- his work unparalleled for 1000 years (until Copernicus) 
- catalogued over 1000 stars 


Note: 


Trigonometry began as a response to the practical needs 


of astronomers, the need to measure the universe and the 
distance between the stars. At one time "mathematics" meant 


"astronomer." 
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NOTES ON PYTHAGORAS AND HIS CULT 


ES 7HAGORAS = (5805B7C.) to; S00CBIC. 


- outstanding Greek mathematician and mystic 

- travelled in Egypt, India and Babylon where he no doubt 
learned much mathematics 

- founded a school and brotherhood in southern Italy known 
as "The Order of the Pythagoreans" 

- a semireligious cult developed which became very secretive 
and mystical - had a secret emblem indicating membership 
in the cult (the pentagram) 

= Pythagoras isegiven credit for the proof of the 
"Pythagorean Theorem" even though the theorem had been 
used by the Babylonians at least 1000 years earlier. 
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WORKSHEET 1 


TRIGONOMETRY MATH 23 


1. PYTHAGOREAN THEOREM 


In Gach tof «the following right triangles, find the 
measure of the unknown side. 


(a) yi (b) 


(c) (d) 


x 


2. RATIOS OF SIDES IN SIMILAR TRIANGLES 


a. Measure angle A and label it on the diagram below. 

b. Calculate the lengths of AI, AH, AG and AF. 

c. Complete the chart below, and then make as many 
observations as you can regarding your findings. 
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LESSON 2 


PURPOSE: 


To introduce the primary trigonometric ratios of an 
angle, how to evaluate them, and to show that each ratio is 
a function of angle measure. 


OBJECTIVES: 


At the conclusion of this lesson the students will be 
able to: 


1. -define the primary trigonometric ratios of a given 
angle in terms of the opposite side, the adjacent 
Side and the hypotenuse. 


2. -explain why the values of the trigonometric ratios 
depend only on the measure of the angle and not on 
the lengths of the "arms" of the angle. 


3. -estimate any trigonometric ratio of any acute angle 
by drawing an appropriate diagram and making the 
necesSary measurements and calculations. 


4. -use trigonometric tables to find the value of any 
trigonometric ratio of any given acute angle 
measured in degrees. 


*5. -trace the evolution of trigonometric ratio values 
from the tables of Hipparchus and Ptolemy to the 
computers and pocket calculators of today. 


LESSON OUTLINE AND CLASSROOM PROCEDURE 


PRIMARY TRIGONOMETRIC RATIOS 
1. Worksheet 1 


On the overhead transparency of Worksheet 1 fill in 
the chart and make appropriate observations, that is, 
the ratios of corresponding sides in similar right 
trianglés "are equal.©°writé thisPconelusion‘on the 
blackboard. (Students should record this summary on 
their worksheets.) 
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oF Defining the Primary Trigonometric Ratios 


(a) Because of the observations made in Worksheet 1 we 
define the three primary trigonometric ratios as 


follows: 
_ Opp, sf adije — Opp 
Sine © hyp’ COS 0 hyp’ tan 0 adj 
FY Opp 
a 
Adj 


(b) Introduce the mnemonic SOH CAH TOA and explain how 
it is used. 


(c) Examples: do questions l(a) and (b) of Worksheet 2. 


TO SHOW TRIGONOMETRIC RATIOS ARE A FUNCTION OF 
ANGLE MEASURE 


1. iIn-Class Worksheet 


(a) In order to discover that the trigonometric ratios 
vary with 0, have students complete question 2 of 
Worksheet 2. It may be wise to divide the respon- 
sibility for calculationg among various students or 
groups because of the time factor. 


(b) When the calculations are completed, fill in the 
results on the overhead transparency of Worksheet 
2. Have students then fill in their charts from 
the projectual. 


(c) Make appropriate observations and summarize the 
findings in the "rectangle" on the projectual. The 
function idea of input-output might be helpful here. 


HOW TO FIND TRIGONOMETRIC RATIOS OF 
ANY ACUTE ANGLE 


1. Students should now be able to approximate the value of 
any tragonometric ratio Of “any acutegangle by 
appropriate construction, measurement and calculation 
(without using tables). Explain. 
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Trigonometric Tables: 


(a) Explain how to use trig tables and why they are a 
valuable aid. Provide adequate in-class experience 
on the use of tables. 


(b) Compare the values of the trig ratios calculated in 
question 2 of Worksheet 2 with the corresponding 
values found in the tables. Explain the discrep- 
ancy. . 


*Evolution of Trigonometric Tables 


Using projectual no. T8 as a guide, discuss briefly 
the origin and main stages of development of trigo- 
nometric tables, including the methods of calcula- 
tion. Demonstrate the speed with which any trig 
ratio of any angle may be calculated using a 
scientific minicalculator. Show a computer output 
of trig tables and compare the time required for 
calculation with the time required by Rheticus 
(16th Century). 


Point out the impact that mathematics has had on 
the design and development of calculators and 
computers, and the impact that they have on our 
modern society. 


Assignment 


Complete all questions on Worksheet 2. 
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WORKSHEET 2 


TRIGONOMETRY MATH 23 


1. PRIMARY TRIGONOMETRIC RATIOS 
PMeeEer each of the following right triangles, find the 


Sin, cos and tan of Angle A and also Angle B. 
Leave your answers in fractional form. 


(a) 


(b) 
Cc 4 B B ald 
2/10 
s 2 
A 
5 ; F 
A 
(c) (da) (e) 
ia 8 C B A 24 G 
6 
3 25 y 
15 
ky j = B 
Cc 373 A 
B 


Using the diagram to the 
right, find whe primany A 
trigonometric ratios of 

(a) 2 BCD (b) 2 ACD 
(or zew (a). ZB 
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DO TRIG RATIOS VARY WITH THE MEASURE 
OF THE ANGLE? 


In each of the following triangles measure the indicated 
angle (to the nearest degree) and label it. Calculate 
the trigonometric ratios for these angles in each of the 
triangles. Record your findings in decimal form in the 
chant . 
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When you have completed the chart answer the following 
questions which relate to your findings. 


as 


are 


As the measure of the angle varies, does the measure of 
the trigonometric ratios vary? 


From the chart (which involves acute angles only) we 
have: 


(a) as © increases, sin 0 
(b) as 0 increases, cos 0 
(c) .as 0.increases; tan 0 


SUMMARY 


A PROBLEM THAT IS NOW WITHIN YOUR GRASP 


To "solve a triangle" means to find the measure of all 
angles and sides. Solve triangle ABC if angle B equals 
55°, angle C equals 90°, and side AB has length 36.5. 
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LESSONS 3 AND 4 


PURPOSE: 


To solve right triangles using trigonometric methods. 


OBJECTIVES: 


At the conclusion of these two lessons the students 
should be able to: 


1. -Solve a right triangle given one angle and one 


Side. 

2. -Solve problems that occur in the real-world whose 
solution requires a knowledge of trigonometric 
methods. 


*3. -Name two mathematicians who contributed to the 
Origin and development of trigonometry, and one 
historical problem of significance whose solution 
depended on trigonometric methods. 


LESSON OUTLINES AND CLASSROOM PROCEDURES 
LESSON 3 


1. SOLVING RIGHT TRIANGLES AND Shee ee 
OF TRIGONOMETRY: 


a. Worksheet 2: 
Take up and discuss any problems encountered in the 
assignment from Worksheet 2. Pay particular 
attention to Problem 3 since it introduces the ideas 
central to this lesson. 


b. Worksheet 3 and 4: 

1. Hand out Worksheet 3 and 4 and do question la, 
lb and 2a on the board as example problems. 
Note that separate worksheets have been devised 
for treatments R (regular) and C (cultural) and 
that question 2a is different on these separate 
worksheets. Explain the meaning of "angle of 
elevation" and "angle of depression." 


* Emphasize the practical importance of the 
methods of trigonometry to solve real-world 
problems of great importance to the wellbeing 
of the student and his society, i.e., engineering, 


eet ia ay 
els tone Weren't: 
. ec: wil Tr i 
i 4 Ay wh a | a 
tudo nell ae 
m praieu oe : 
ay a : d cra an ee Di 
OM t@AVITIGUGO 
heal ine is Be meal iy ; = ee 
einabute odd it to mokawfonoo eft SA 


“o gog efds ed blvoda | 
eno bis sipas sno eee 


‘a a 


azodw soc acacia ont ak teDD0 igi 
‘SixsgamornopExt Fo ephelwond fs 


ent of nadudncinoe orlw anstotssmer 
sno bis Yisemomop iis» to. 34s sb y 
cottyuloe seonw sodsoitinpte , 20 mete 
. bod Sar si esotonoe 


2ARUGEDORS moosa@eAd9 ama’ eaw.st00 noveaa ; PL 


et 
U ss 


e woaaa 


QMOITADTUIGA CUA =— 


Besos ise “a . 
esshk ods aeouborsnt Be soni on 


151 


Surveying, air navigation, sea navigation and 
SOmOon. 


ASSIGNMENT 


The assignment is left to the discretion of the instruc- 
tor, nevertheless do not assign any questions from 
question 3 of Worksheet 3 and 4. 


LESSON 4 


APPLICATIONS OF TRIGONOMETRY (CONTINUED) 


a. 


Worksheet 3 and 4: 
Take up and discuss problems encountered in the 
assignment of last class. 


Have class R proceed with the remaining questions 
on Worksheet 3 and 4. 

* In class C discuss the historical significance 
of the ancient city of Alexandria in the field of 
mathematics (trigonometry in particular). See the 
information provided and use projectuals numbered 
Tl and T10. Then discuss Eratosthenes and the 
method he used to determine the circumference of 
the earth. See the information provided and use 
projectuals numbered T1ll and T12. 

Then discuss the method used by Hipparchus to 
calculate the distance from the earth to the moon. 
See the information provided and use projectual 
numbered T13. 

Then have the students proceed with the remaining 
questions on Worksheets 3 and 4. 


Test: 

Remind the students that a full-period test will be 
given next class-time covering all materials studied 
to_date (in Enis Unlule. 1Dopartciculat Ssctudente, wil 
be tested on the mathematics outlined in the indi- 
vidual lesson objectives. 
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THE CITY OF ALEXANDRIA 


About 325 B.C., Alexander the Great conquered all 
Greece, Egypt, and the Near East. He then founded and 
built the great city of Alexandria, on the south shore of 
the Mediterranean Sea, just west of the mouth of the Nile. 
It was built as the capital city of the new empire and was 
located at the junction of Europe, Asia and Africa. It 
became the commercial, intellectual and cultural centre of 
the entire ancient world. Alexandrian traders imported 
knowledge that had been acquired all over the world. Soon 
large libraries, laboratories, and museums were built and 
the greatest minds of the time were assembled to study. 


Such great names in mathematics and science as 
Archimedes, Euclid, Appolonius, Eratosthenes, Hipparchus, 
Claudius, Ptolemy and Heron all studied and worked in 
Alexandria. 
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By about 600 AD this majestic city with its treasures 
had been completely destroyed by invading armies. A new 
and modern city of Alexandria exists today on the same 
sight as the ancient city. 


TWO HISTORICALLY SIGNIFICANT PROBLEMS 


1. HOW ERATOSTHENES FOUND THE CIRCUMFERENCE 
OF THE EARTH — A FIRST! 


a. Discussion concerning Eratosthenes (230 B.C.) 
- lived in Athens many years 
- invited to study at Alexandria and serve as the 
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chief librarian and tutor to the king's’ son*% 

- extremely gifted individual 

- athlete, poet, astronomer, geographer, historian, 
mathematician 


b. How Eratosthenes calculated the circumference and 
the radius of the earth 2000 years ago. 


He knew that at noon on a certain day of the year, 
the rays of the sun were reflected from the water 
in a well near Aswan on the Nile (the sun would 
cast no shadows at that time). At the same time 

at Alexandria, 520 miles to the north, Eratosthenes 
measured the length of the shadow 
cast by a pillar of known height. 
From this he was able to calculate 
(using trig) the central angle 
as indicated on the diagram. 
Since Aswan and Alexandria 
were on the same meridian 
he was then able to 
calculate the circumférence 
of the earth by setting up 
a proportion as follows: 


Hiatus 23 0 Oe 


=) ete Centre of 
0 (©, 


Earth 


=>cCc = 24,960 miles 


o1 
N 


Since C = 274, the radius of 
the earth was estimated to be 
3,974 miles. 

The calculations of Eratosthenes 
were amazingly accurate. 


Aswan to Alexandria — 520 miles 


HOW HIPPARCHUS (150 B.C.) FOUND THE DISTANCE FROM 
THE EARTH TO THE MOON - ANOTHER FIRST! 


How he did it: ; 
Suppose at a certain time the moon is observed directly 
over a certain point, D on the earth, and at the same 
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instant another observer at point C watches the moon 
rise on the horizon. Since he could find the distance 
between C and D, it was a simple matter to calculate 


ZA, Since ZA ne S607 oA SCUuUrnNS, Out. to 
Arc CD Circumference of be 89° 42% 
earth 


Since AABC is a right striangle and,AG is,the radius of 
the earth it was a simple matter to calculate AB as 
approximately 238,000 miles. 


NOTE: 


dic 


Other Alexandrians determined the size of the moon and 
the distance to the sun. These were the first daring 
voyages of man's mind into the great expanse of outer- 
space. They represented an epochal advance in man's 
knowledge of the universe about him. 


Note the significance of the problems solved by these 
relatively simple methods of trigonometry. Trigonome- 
try has always aided man to understand and explain his 
environment more completely. 
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WORKSHEET 3 AND 4 (R) 


TRIGONOMETRY MATH 23 


SOLVING RIGHT TRIANGLES 


Solve each of the following right triangles. 


(b) 
tc) 
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APPLICATIONS OF TRIGONOMETRY 


a. The angle of elevation to the top of a building 
from a point”™1,000 feet from=its foot 1s %35°% 
Find the height of the building. 


b. From the top of a lighthouse 90 feet high, the 
angle of depression of a ship out on the lake is 
5°, How far is the ship from the base of the 
lighthouse? 


c. An aircraft leaves the ground with an angle of 
climb of 15°. Its speed is 120 mph. If the plane 
levels off at the end of a 10 minute climb, at 
what altitude is it cruising? 
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d. The vertical angle of an isosceles triangle 
measures 58° and its base is 10 inches. Find its 
altitude and area. 


e. A weather balloon is released in a 15 mph wind at 
ground level and after 20 minutes is observed at 
an angle of elevation of 18°. 

(1) How high is the balloon after 20 minutes? 

(2) How far is the balloon from the release point? 

(3) What was the ascent rate of the balloon in 
miles per hour? 


MORE APPLICATIONS 


a. From the top of a mountain the angle of depression 
to. a point A on the Tevel of the base isv27°. If 
AB = 4498 feet find the height of the mountain. 


b. To find the distance from 
point A to point B across 
a pond, a surveyor makes 
the measurements shown in 
the diagram. Find AB. 


c. The angle of elevation of a road is known to be 
10°. How high will the road rise for a distance 
of 480 feet measured along the road (to the 
nearest foot)? 


d. A ladder 32 feet long just reaches the eaves of a 
building when the ladder makes an angle of 75° with 
the ground. If the base of the ladder is placed an 
additional 3 feet away from the wall of the 
building, where will the top of' the ladder now be 
with relation to the eaves? 
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point B) the angle of elevation 
Cor thestop 1S, (OundeLOLDe so a. 
Find, the. height of the 
mountain. 
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WORKSHEET 3 AND 4 (C) 


TRIGONOMETRY MATH 23 


1. SOLVING RIGHT TRIANGLES 


Solve each of the following right triangles. 


(a) (b) 
= H (c) 
P N 
35 
Sel 
6 K O 
M 
C B = Ke) (f£) 
A 
G 
(d) 
26 
Se P 
B 20 fe 
(e) 
ig 4.8 ” 
R &, 
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2. APPLICATIONS OF TRIGONOMETRY 


a. At a distance of 4.78 miles from the base of 
Edmonton's Alberta Telephone Tower, the angle of 
elevation to the helicopter landing pad on the top 
Of the building 16 exactly slo ee Calcilace= cic 
height of the tower to the nearest foot. 


On a clear day, from any window on Vista 33 (the 
thirty third floor of the tower) one can) see 
approximately 28 miles. What is the total number 
of square miles visible from Vista 33. 


b. From the top of a lighthouse 90 feet high, the 
angle of depression of a ship out on the lake is 
5°. How far is the ship from the base of the 
lighthouse? 
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A light aircraft leaves the runway at Edmonton's 
industrial airport and proceeds to climb at an 
angle of elevation of 15°. Its speed is 120 mph. 
If the plan levels off at the end of a 10 minute 
climb, at what altitude is it cruising? 


The vertical angle of an isosceles triangle measures 
58° and its base is 10 inches. Find its altitude 
and area. 


A weather balloon was released at the International 

Airport, inva 15°mph wind. After 20 minutes it was 

observed at an angle of elevation of 18°. 

(1) How high was the balloon after 20 minutes? 

(2) What was the linear distance of the balloon 
from the release point? 

(3) What was the ascent rate of the balloon in 
miles per hour? 


MORE APPLICATIONS 


a. 


The Sulphur Mountain 
Gondola Lift at Banff 
rises at an angle of 

272 ecOouthes horyzontads. 
The distance from C to 

B (see diagram) is 4498'. 
Find the vertical 
distance through which 

a passenger rises in 
going from the base ,to 
the summit of Sulphur 
Mountain. Air temperature decreases 2 celcius 
degrees per 1000 foot increase in altitude. Find 
the temperature at the summit of the mountain when 
the temperature at the base is 20° C. 


C 4498' B 


To find the distance from point A to 
point B across a pond, a surveyor makes 
the measurements shown in the 

diagram. Find the width of 


the pond (length AB). ea A 


The angle of elevation of a road is known to be 10°. 
How high will the road rise for a distance of 480 
feet measured along the road (to the nearest foot)? 
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d. A ladder 32 feet long just reaches the eaves of a 
building when the ladder makes an angle of 75° with 
the ground. If the base of the ladder is placed an 
additional 3 feet away from the wall of the 
building, where will the top of the ladder now be 
with relation to the eaves? 


e. From a point B near the base of a 
mountain the angle of elevation 
to the peak is found to be 50°. 
At a point A which is 2000 feet 
directly away from the 
mountain (and point B) 
the angle of 
elevation 
to the A 
top is K—— 2000 '———_3 
found to be 35°. Find the height of the mountain. 
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LESSONS 5 AND 6 


PURPOSE: 


To solve right triangles given any two sides. 


OBJECTIVES : 


At the conclusion of this lesson the students should 
be able to: 


1. -find the angle given any primary trigonometric 
ratio of an angle. 


2. -solve a right triangle given any two sides of the 
triangle. 


3. -solve problems that occur in the real world whose 
solution involves the solving of a triangle when 
two of the sides are known. 


*4,. -state two ways that the methods of trigonometry 
find application in modern society. 


LESSON OUTLINE AND CLASSROOM PROCEDURE 


LESSON 5 


eeeanaingethes Angle Given one of its Trigonometric 


Ratios: 

Demonstrate how trigonometric tables may be used to 
find the angle whose trigonometric ratio is given. 
Use the tables in the text and do several orally. 


Ze oOLVing Right Triangles Given any Two Sides: 
Distribute Worksheet 5 and 6. Note that separate 
worksheets have been devised for treatments R and C. 


Work question 2(a) on the blackboard. 


3. Applications of Right Triangles: 
Work question 3(a) on the blackboard. Note that these 
questions are different on the respective worksheets. 
*Use transparency no. T14 (leaning tower of Pisa) to 
introduce the problem. ; . 
Transparency T15 is to be used in conjunction with 


problem 3(c). 
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4. Assignment: 
Have students begin work on Worksheets 5 and 6 and do 
aS many problems as seems reasonable. 


LESSON 6 


1. Discuss any difficulties encountered in the assignment. 


2. Complete Worksheets 5 and 6. 
*Use transparencies T16 and T17 in conjunction with 
problems 4(a) and 4(b). 
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WORKSHEET 5 AND 6 (R) 


TRIGONOMETRY MATH 23 


1. In each of the following questions the trigonometric 
ratio of an unknown angle A is given. Use trigo- 
nometric tables to find the measure of A to the nearest 


degree. 
ae Sin A= .3255+ A. = qd. , cos A = .4263; A = 
b. cos A = .0174; A= e. tan A = 1.8913;A = 
@. #anoAd=h7@6lid¢eraAd= Ff beoan sh) = -.9876:) A = 
2. Solve each of the following triangles: 
(a) (b) (c) 
A 5 C 6.1 BB 2 A 


A 


3. APPLICATIONS OF TRIGONOMETRY 


ae 


be 


Cc. 


A ladder 24 feet long is placed against a vertical 
wall. What angle does the ladder make with the 
wall if the foot of the ladder is 5 feet from the 
base of the wall? 


A railroad has a gradient of 3%; that is, the 

track rises vertically 3 feet in a horizontal 

distance of 100 feet. 

(1) What is the tangent of the angle that the track 
makes with the horizontal? 

(2) What height will the track rise in a horizontal 
distance of one mile? 


A vertical pole 6 feet high casts a shadow 10.5 

feet in length. 

(1) What is the tangent of the angle of elevation 
of the sun? 

(2) Determine the angle of elevation of the sun. 
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A hockey player is located at 
POINt®A;, 20"feetronut! from the 
Poste RB orethe) god. eLt athe 
second post is labelled C, then 
angle ABC. = 90°. If the width 
of the goal is 6 feet, within 
what angle must the player keep 
his shot in order to be "on the 
net"? 


A 


A road has a gradient of 1:12. 

(1) Calculate the angle of elevation of the road 
(to the nearest degree). 

(2) Calculate the distance one would need to 
travel along the road in order to change one's 
altitude by 300 feet. 


If from a boat 43.29 miles from the base of a 
lighthouse the angle of elevation to the top of 
the lighthouse is 6 minutes, find the height of 
the lighthouse. 


From the top of a cliff 240 feet high, the angle 
of depression of a buoy is 18°. Find the distance 
of the buoy from the cliff. 
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WORKSHEET 5 AND 6 (CG) 


TRIGONOMETRY MATH 23 


1. In each of the following questions the trigonometric 
ratio of an unknown angle A is given. Use trigono- 
metric tables to find the measure of A to the nearest 


degree. 
a. §SinNgA yt 255 7 5Ae = diaejcOs A = ).4263>  A7= 
b. cos A = .0174; A= ew tan A = 1.89.137;/Ag= 
Co Stang Ab= a7, Sea Aue ££. sin A = .98/76; ‘Al= 
2. Solve each of the following triangles: 
(a) (b) (ec) 


A S Cc ¢ 6.1 B é A 
3 al: 
9.4 
© 
B 
A 


3. APPLICATIONS OF TRIGONOMETRY 


cts 


The famous leaning tower of Pisa 
in Italy is made almost entirely 
of marble. It is 160 feet high 
and overhangs by 16.5 feet. 
What angle does the tower make 
with the vertical? 


The maximum gradient allowed on any new four-lane 

highway in the PEOB SES of Alberta (except in the 

National Parks) is 5%; that is, the road rises 

vertically 5 feet in a horizontal RUSS ESENES of 100 

feet. Assuming a 5% gradient: 

(1) What is the tangent of the angle aEYS the road 
makes with the horizontal? 

(2) What height will the road rise in a horizontal 
distance of one mile? 
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The world's largest passenger aircraft, the Boeing 
747, flys from Edmonton's International Airport to 
points all over the world. This airplane requires 
40 minutes (from takeoff) to reach their cruise 
altitude of 31,000 feet. If their climb speed is 
300 mph, what is their angle of ascent above the 
horizontal during the climb? Since these planes 
burn 625 lbs. of fuel per minute, how many tons of 


fuel are required to reach their cruise altitude? 


A hockey player is located at 


point A, 20 feet out from the /~ net \ 
POStMBCofaAthelAgoal A: If the B G 


second post is labelled C, then 

Angle ABC = 90°. If the width 

of the goal is 6 feet, within 

what angle must the player keep 208 
his shot in order to be "on the 

net"? 


A 


4. PROBLEMS IN TRIGONOMETRY OF HISTORICAL INTEREST 


ala 


eye 


PYRAMID RAMPS: 


During the building of the pyramids a ramp was 

used to transport the stone blocks to the "top." 

This ramp was always kept at a gradient of 1:12. 

(1) Calculate the angle of elevation of the ramp 
(to the nearest degree). 

(2) Calculate the length of the ramp AB when the 
pyramid under construction was 300 feet high. 
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HEIGHT OF THE PHAROS LIGHTHOUSE: 


Around 275 BC in the city of Alexandria, King 
Ptolemy II built a massive lighthouse which became 
the model of all lighthouses constructed there- 
after. It was called the Pharos. The lowest 
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section was square, the middle section octagonal 
and the uppermost section cylindrical in shape. 

It was constructed almost entirely of marble. The 
light on the top, probably a fire that was kept 
burning at night could be seen for miles by sailors 
on the Mediterranean. 


If from a boat 43.29 miles from the base of the 
lighthouse the angle of elevation to the top of 
the lighthouse was 6 minutes, find the height of 
the lighthouse. 


HERON OF ALEXANDRIA: 


Heron (100 AD) was an engineer and mathematician 
whose genius left his contemporaries in awe (mainly 
because he knew some 

Mathematics). He A 

showed how to dig a 

tunnel through a 

mountain by beginning 

at either end and having 

the borings meet each other. 

He suggested choosing a 

point B on one side and 

point A on the other, such 

that both points are 

visible from a point C, 

with C chosen so that 

angle BCA is a right angle. 

From this limited information B 
Heron suggested the job could 

be completed. Explain. 
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LESSONS 7 AND 8 


PURPOSE: 


TO provide experiences whereby methods of trigonometry 
can be used to calculate heights indirectly. 


OBJECTIVES: 


At the conclusion of this lesson the students should 
be able to: 


1. -measure lengths and angles using a tape measure 
and homemade clinometer. 


2. -calculate the heights of inaccessible objects 
using only a tape measure, a clinometer, and the 
methods of trigonometry. 


*3. -appreciate and recognize the importance of trigo- 
nometry in surveying and construction. 


LESSON OUTLINE AND CLASSROOM PROCEDURE 


LESSON 7 


1. PRE-EXCURSION DISCUSSION 


A half-period of class time should be spent on the 
following items: 


-outlining the purpose of the outdoor assignment 
-explaining the operation of the equipment to be 
used (tape and clinometer) 
-explain why the clinometer actually measures the 
angle of elevation (use a large blackboard diagram) 
-outline the assignment relative to what will be 
required of them, i.e., the data that they will 
be required to find. 
-stress the importance of accurate measurements. 
-explain assignment sheets. (the instructor is 
responsible for the design of these) 
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LESSON 8 
ACTUAL OUTDOOR EXCURSION 


-have students assemble in classroom 

-distribute tapes and clinometers 

-distribute assignment sheets 

-proceed with assignment 

-assigned calculations should be completed for the 
next class. 
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LESSON 9 (R) 


PURPOSE? 
TO review the trigonometry studied to date and to 
draw graphs of the sine and cosine functions. 
OBJECTIVES: 


At the conclusion of this lesson the students should 
be able to: 


1. -explain why trigonometric ratios are functions 
2. -use trigonometric tables as an aid in drawing the 


graph of the sine and cosine functions for angle 
values which are acute. 


LESSON OUTLINE AND CLASSROOM PROCEDURES 


1. REVIEW 
a. Basic Ideas: 
-given a particular acute angle in a right triangle 
the ratio opp:hyp is constant; adj:hyp is constant 


and opp:adj is constant. 


-the values of these trigonometric ratios depend 
only on the measure of the acute angles. 


b. Consequences: 


1. -Given one side and one angle of any right 
triangle, the triangle can be solved. 


-illustrate with an example but do not complete 
the solution. 


2. -Given two sides of any right triangle, the 
triangle can be solved. 


-illustrate with an example but do not complete 
the solution. 


2.  #$TRIGONOMETRIC RATIOS AND SETS OF ORDERED FACTS 
-recall and illustrate how an equation such as 


y = 2x + 4 yields a’ set of ordered pairs which can 
be graphed. 
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-convince the students that in a similar way the trig 
ratios can yield a set of ordered pairs which satisfy 
an equation of the form y = sin x; y = cos x or 
y = tan x. These ordered pairs can be graphed on a 
rectangular grid. 


GRAPH OF SINE FUNCTION 


-distribute the rectangular grid labelled "Graphs of 
the Trig Functions" to the students. 


-use the transparency of this grid (T18) to demonstrate 
how one or two points on the graph of the sine curve 
may be plotted. 


ASSIGNMENT 
a. Have the students complete the graph of y = sin x 
by plotting points using angles between 0° and 90° 


which are multiples of five. 


b. Using the same set of axes have the students graph 
the cosine function for the same angle values. 
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LESSON 9 Oey 


PURPOSE: 

To review the trigonometry studied to date and to draw 
the graphs of the sine and cosine functions. 
OBJECTIVES: 


At the conclusion of this lesson the students should 
be able to: 


1. -explain why trigonometric ratios are functions 


2. -use trigonometric tables as an aid in drawing the 
graph of the sine and cosine functions for angle 
values which are acute. 


3. -state the significance of the discovery of the 
rectangular coordinate system by Descartes to the 
study of trigonometry. 


4, -appreciate that trigonometry is an evolving cre- 
ation of the human intellect. 


LESSON OUTLINE AND CLASSROOM PROCEDURES 


LY =REVIEW 


Briefly review the trigonometry studied to date and 
include the contributions of Hipparchus and Ptolemy. Use 
the overhead transparencies previously provided for the 
review as outlined below. 


a. Origins of Trigonometry 
-at Alexandria - display transparency Tl 
-mention the major contributions of Hipparchus and 
Ptolemy - use transparencies T6 and T7. 

be Basic ideas 
-given a particular acute angle in a right tri- 
angle, the ratio opp:hyp is constant; adj:hyp is 


constant and opp:adj is constant. 


-the values of these trigonometric ratios depend 
only on the measure Of the acute angles. 
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c. Consequences 


As a result of these basic ideas the following 
problem types can be solved: 


1. -Given one side and one angle of any right 
triangle, the triangle can be solved. 


-briefly recall how Hipparchus used this fact 
to find the distance from the earth to the 
moon (display T13). 


2. -Given two sides of any right triangle, the 
triangle can be solved. 


-briefly recall how Heron used this fact to 
show how a tunnel could be cut through a 
mountain by beginning at opposite sides. 


2. DEVELOPMENT OF TRIGONOMETRY 


Use transparency T19 as an aid to indicate (briefly) 
some of the major developments of trigonometry over the 
centuries. Note particularly the close connection between 
astronomy and trigonometry. Two French mathematicians 
played important roles in the development of trigonometry 
in the 15 and 16 hundreds. They were Vieta and Déscartes. 


Vieta recognized the functional relationship between 
angles and trigonometric ratios of those angles and 
expressed this relationship in the form of an equation 
(y = sin x; y = cos x). 


Déscarte's contribution was to provide the rectangular 
coordinate system which provided a method whereby a set of 
ordered pairs could be graphically displayed. Hence trigo- 
nometric Functions were first graphed in 1635. Stress the 
contribution of Descartes. 


3. TRIGONOMETRIC RATIOS AND SETS OF ORDERED PAIRS 


-recall and illustrate how an equation such as 
y = 2x + 4 yields a set of ordered pairs which can 


be graphed. 


-convince the students that in a similar way the trig 
ratios yield a set of ordered pairs which satisfy an 
equation of the form y = sin x, y = cos x or y = tan x. 
These ordered pairs can be graphed on a rectangular 
Grids 
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GRAPH OF THE SINE FUNCTION 


-distribute the rectangular grid labelled "Graphs of 
the Trig Functions" to the students. 


-use the transparency of the grid (T18) to demonstrate 
how one or two points on the sine curve may be plotted. 


ASSIGNMENT 


a. Have the students complete the graph of y = sin x 
by plotting points using angles between 0° and 90° 
which are multiples of 5. 


b. Using the same set of axes have the students graph 
the cosine function for the same angle values. 
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GRAPHS OF THE TRIG FUNCTIONS 


A = coe x 
A = 2TD = 


GHYBHe Of THE LEIC LOKCLIONE 
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APPENDIX 4 


TESTING INSTRUMENTS 


Student Achievement Subtests 
Student Reaction Questionnaire 
Teacher Reaction Questionnaire 


Items of Student Reaction Questionnaire Categorized 
by Major Groupings 
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TRIGONOMETRY 


MATH 23 LES tat 


Do all work in the space provided on this question sheet. 
Draw diagrams where applicable. 


1s 


fel 


In terms of the sides of a right triangle (opp, 
adj, hyp), define the sine, cosine and tangent of 
a given angle A. 


Sin A= cos A = tan A = 
Given right triangle ABC, C 
find the value of 
(sin A)? + (cos A)2 7 ¥10 
B 3 A 


Using the diagram at the right, answer the 
following questions. 


a. 


Calculate the length of AC. B 24 € 


Determine the value of each of the A 
following (leave answers in fractional 
FOL) as 


SinwAs= sin B = tan. B= 


Tre sinehe=3 1 eoCaLculale 
sin A + cos A. 


A 


Find the value of 


a. 


tan 89° + cos 36° b. ——~~, = 


= + = 
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From the top of a building 60 feet high, the angle of 
depression to a car on a road below is 24°. How far 
from the foot of the building is the car located (to 
the nearest foot) ? 


A ladder leans against a building and makes an angle 
Of 62°%Swi thetnesoround.— =f tne =Ladder "1s 20 76 teet 
long, at what height on the building does the ladder 
touch? 


One end of a 150 foot guy wire is attached to the top 
of a radio tower and the other end is anchored in the 
ground. If the wire is to make an angle of 70° with 
the ground, how far from the base of the tower should 
the wire be anchored? 


The ancient Greek city of Alexandria boasted a light- 
house which overlooked the Mediterranean Sea. From 
the top of the lighthouse the angle of depression to 

a ship at sea one mile from the base of the lighthouse 
was 4°. How high was the lighthouse? (1 mile = 

5,280 feet). 


aa) ieee f re 
inva ee , 
D Jigh ae wrnwe * # 


sipts as ete 
tast } 


asbbal add 3506 | 


god sitt ov Sedan 
ond fi iit 
itiw *OY to 2 


2 


hike! 


TRIGONOMETRY 


MATH 23 TEST ;2 


Note: Do all work in the space provided on this question 


ibe 


sheet. Draw diagrams where applicable. 


aw Eind) the valuesot sin) 68° = cos 45°. 


b. Find A to the nearest degree in each of the 


following. 
cos A = .8090 tan A = .7526 
A = A = 


Using the triangle at the right, answer the following 
questions. B 


a. Find the length of side AB. 
25 


b. Find the value of 
COS] Cr—Gsinsc: 


Solve the following right triangle; that is, determine 
the measure of all unknown sides and angles. 


A Cc 
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The C.N. Tower in Toronto is the tallest structure in 
the world. If the angle of depression to a stationary 
point 1 mile from the base of the tower is 19° 
calculate the height of the tower (to the nearest 
LOOT) e 


The Boeing 747 is the world's largest passenger air- 
craft. After takeoff this plane climbs to altitude 
at an angle of elevation of 2°. What will be the 
altitude of the aircraft 40 minutes after takeoff if 
the plane travels at 300 miles per hour? 


A ladder 24 feet long is placed against a vertical wall. 
What angle does the top of the ladder make with the 
wall if the foot of the ladder is 5 feet from the base 
of the wall? 
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STUDENT REACTION QUESTIONNAIRE 


PARC 


TO THE, STUDENT: 
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PLEASE CHECK EACH OF THE FOLLOWING STATEMENTS BY DRAWING 


A CIRCLE AROUND YOUR SELECTED RESPONSE. 


THE, KEY TOs THE -RESPONSES_IS: 


SA - STRONGLY AGREE 
Be—* AGREE 

U - UNDECIDED 

D - DISAGREE 

SD - STRONGLY DISAGREE 


Only students who will use mathematics 
in later life should be required to 
StudVelcein nigh, school. 
Trigonometry is useful mathematics 
Mathematicians from the past and the 
problems they helped solve are of 
little interest to me. 

I would like school better if I 
didn't take any mathematics. 

Very little trigonometry is used in 
modern societies. 

I believe mathematics would be more 
interesting to me 1f it related more 


to real people and real problems. 


SA 


SA 


SA 


SA 


SA 


SA 


SD 


SD 


SD 


SD 


SD 


SD 


fie 


LO. 


Lr 


Las 


13. 


14. 


Die 


L6r 


I found trigonometry more interesting 
than any other mathematics I have 
studied this year. 

It is important that many people in 
Our society know mathematics. 
Every bit of mathematics that 
exists today was invented by 
somebody. 

If I study mathematics again I 
hope it's not trigonometry. 

The problem with learning 

Emaar gonomecivee satiate tadcenot 
useful. 

Mathematics is not as important 
to people as art or literature. 
icOunda trl GONOMeELyedt atiecul Gato 
understand. 

Trigonometry is a very worthwhile 
and necessary mathematics. 
Trigonometry is not important for 
the advance of civilization and 
society. 

I found trigonometry easier than 


most mathematics I have studied. 
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SA 


SA 


SA 


SA 


SA 


SA 


SA 


SA 


SA 


SD 


SD 


SD 


SD 


SD 


SD 


SD 


SD 


SD 


SD 
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PART ITT 


What did you like best about this unit of work on 


trigonometry? 


What did you especially dislike about this unit on 


trigonometry? 


What did you learn while studying this unit on 


trigonometry that surprised you most? 


Comments: 
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TEACHER REACTION QUESTIONNAIRE 


You recently participated (in the capacity of 
instructor) in an experiment involving two classes of 
Math 23 students taught under differing treatments: 
R (regular) and C (cultural). Relative to this experiment 


please answer the following questions. 


1. What are your perceptions of the intent of treatment C? 


2. How would treatment C have been improved in order to 
better achieve the intended and written aims of the treat- 


ment? Suggest possible additions and (or) deletions. 


3. Do you feel treatment C was appropriate for Math 23 


students of trigonometry? 
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4. What were your impressions of student reaction to 


treatment C? 


5. Generally speaking, was treatment R a fair representa- 
tion of what might ordinarily take place in Math 23 classes 


in trigonometry in your school? 


6. What were your impressions of student reaction to 


treatment R? 


7. Will you use any of the ideas developed in treatment C 


in future lessons in trigonometry? 


8. Other comments. 
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ITEMS OF STUDENT REACTION QUESTIONNAIRE (PART I) 
GROUPED INTO THE FOUR MAJOR CATEGORIES 


DIFFICULTY 
ITEMS 


USEFULNESS 
ITEMS 


INTEREST 
ITEMS 


CULTURAL 
ITEMS 


37. 


Gre 


INO 


I found trigonometry difficult to 
understand. 


I found trigonometry easier than most 
mathematics I have studied. 


Trigonometry is useful mathematics. 


Very little trigonometry is used in 
modern societies. . 


It is important that many people in our 
society know mathematics. 


The problem with learning trigonometry 
is that it is not useful. 


Trigonometry is a very worthwhile and 
necessary mathematics. 


Only students who will use mathematics 
in later life should be required to 
study it in highschool. 


I would like school better if I didn't 
take any mathematics. 


I found trigonometry more interesting 
than any other mathematics I have 
studied this year. 


If I study mathematics again I hope it's 
not trigonometry. 


Mathematicians from the past and the 
problems they helped solve are of little 
interest to me. 


I believe mathematics would be more 
interesting to me if it related more to 
real people and real problems. 


Every bit of mathematics that exists 
today was invented by somebody. 


Mathematics is not as important to 
people as art or literature. 


Trigonometry is not important for the 
advance of civilization and society. 
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